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      Cities worldwide contribute over two-thirds of global energy consumption and have 
been estimated to emit 70 per cent of all fossil-fuel generated emissions (OECD 2010). 
Residential and commercial buildings account for around 18 per cent of these emissions 
and their total emissions contributions will likely continue to increase due to the 
unprecedented pace of urbanization (IPCC 2007). In Singapore, the buildings sector 
emits around a quarter of the total carbon dioxide emissions from fuel combustion (NCCS 
2015). This research responds to the need for a re-examination of climate change from a 
human geographical perspective that is attentive to the dynamisms, contingent relations 
and spatial specificities of knowledge (Hulme 2008). Building upon recent geographical 
work on urban sustainabilities and urban climate change responses, this thesis argues for 
a systematic approach connecting the collaborative associations between technical and 
scientific knowledge specialists and policy specialists to the practices that spatialize 
particular configurations of urban spatialities and socio-environmental relationships onto 
the city. The BCA Green Mark green building assessment and certification standards, 
created by the Building and Construction Authority of Singapore, is used here as the 
empirical locus of study. The empirical work of this thesis was carried out through 31 
interviews of professionals, technical specialists and urban authorities in Singapore. I 
unpack the BCA Green Mark standard’s constituent categories and examine the issues of 
energy efficiency, renewable energy and high-rise greenery to demonstrate how the 
politics of bringing circulating knowledges to ground within Singapore’s institutional 
context and governance imperatives is linked to the emerging spaces and practices of 
urban sustainabilities in Singapore’s urban climate response.  
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1.1       The research impetus and general overview  
 Cities worldwide contribute over two-thirds of global energy consumption and have 
been estimated to emit 70 percent of all fossil-fuel generated emissions (OECD 2010). 
Residential and commercial buildings account for around 18 per cent of these emissions and 
their total emissions contributions will likely continue to increase due to the unprecedented 
pace of urbanization (IPCC 2007). In Singapore, the buildings sector emits around a quarter 
of the total carbon dioxide emissions from fuel combustion (NCCS 2015).  
 Having spent five years working on energy and environment-related issues in a 
research institute, these statistics were far from an abstract representation of anthropogenic 
climate change. They were instead part and parcel of the daily course of my work through 
close associations with both technical experts and urban authorities on the issues of urban 
climate change responses. How best to translate technical knowledges and circulating “best-
practices” into urban sustainability policies in relation to Singapore’s unique circumstances 
were perennial concerns in many of these collaborative projects. I observed first-hand how 
the ways in which technical knowledges were adjusted, framed and incorporated into urban 
socio-environmental governance were implicated materially in the urban sustainability 
policies and spatial regulations that were subsequently deployed.   
 Yet, upon closely examining the geographical literature on urban sustainabilities and 
urban climate responses, I found that few scholars had systematically analysed the linkages 
between the politics of knowledge and the specific ways through which socio-environmental 
policies cause changes in the built environment, its inhabitants and socio-ecological 
relations. This thesis thus builds upon this gap by investigating the dynamics of the 
production and localization of technical knowledges and its linkages to urban spatialities in 
a systematic, rather than piecemeal fashion.  
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 My focus in particular is on the BCA Green Mark (BCAGM), Singapore’s green 
building assessment standards, to unpack the complex associations and negotiations between 
urban socio-environmental knowledge and policy. Given the constraints of this thesis, the 
BCAGM was chosen in lieu of broader urban climate interventions.  The BCAGM was 
chosen as the main object of study here because of some of its distinguishing characteristics 
from other socio-environmental policies, including: 1) its status as the dominant green 
building assessment and certification system in the Southeast Asian region, 2) the fact that it 
was developed in Singapore and thus provides more than a simple case study of policy 
adaptation, 3) green building assessment systems, in general, are fecund sites for the 
empirical analysis of urban sustainabilities because they are designed to regulate a very wide 
range of social and environmental entities and processes within a single green building 
assessment standard. This thesis thus aims in particular to contribute to the geographical 
literature on urban sustainabilities in an age of climate mitigation responses.  
 
1.2  Research Objectives  
 The geographical literature on urban climate responses has tended not to examine, in a 
systematic way, how the workings of socio-environmental governance translate technical and 
scientific knowledges into the concrete spaces of the city1. Thus, at the broadest level, this 
thesis aims to critically examine the politics and the production of urban sustainabilities. 
“Urban sustainabilities” are defined here along two dimensions: 1) the politics of knowledge 
production at the knowledge-policy interface, where circulating technical knowledges are 
brought into contact with socio-environmental governance imperatives, histories and 
institutional contexts, 2) the urban spaces, practices and socio-environmental relations that 
                                                 
1 I will elaborate upon this point in greater detail in the literature review chapter of this thesis. 
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result from the deployment of socio-environmental policies and regulations. In this thesis, I 
shall thus focus on addressing the following cross-cutting concerns: 
  
1. To unpack the politics of knowledge in the socio-environmental governance of 
Singapore’s built environment through the BCAGM standards. 
 
2. To identify the practices that spatialize the particular “vision of the city” crystallized 
within the BCAGM onto the city and its socio-environmental relations. 
 
3. To develop a conceptual framework to connect the two concerns above, in order to 
systematically connect how the politics of knowledge configure urban spatialities and 
everyday urban life.  
 
 The general argument that will be advanced throughout this thesis is that a systematic 
treatment of the politics of knowledge and the spatializing practices of urban sustainabilities 
is critical to understanding the emerging regimes of urban climate responses. All three 
research objectives above will be investigated specifically with regard to their relations to 
urban climate change responses. Also, on the second objective, I want to focus on the tactical 
practices deployed by urban climate-responsible authorities that strategically spatialize 
technical knowledges into particular socio-ecological arrangements. This is of particular 
interest here because it will provide a conceptual starting point to understanding how and 




1.3  Thesis Map  
 This introductory chapter has provided a broad overview of the impetus for this 
research, as well as the general directions and research objectives of this thesis. Chapter 2 
gives a critical evaluation of the geographical literature relating to urban sustainability and 
climate change responses. Building upon the limitations and gaps identified in the literature, I 
develop the conceptual framing for the rest of the thesis in the later part of the chapter. Chapter 
3 outlines the methodology used in this study and how the ethical challenges encountered were 
resolved. In Chapter 4, I begin the analysis of the empirical data by firstly examining the 
BCAGM standards, and subsequently the role of energy efficiency in the BCAGM and in the 
socio-environmental governance of Singapore’s urban environment in general. Continuing in 
this vein, Chapter 5 presents my analysis of renewable energy and high-rise greenery and ends 
with a summary and discussion of my findings and theoretical contributions. Chapter 6 then 
concludes with some reflections on how the systematic approach to analysing urban 






 This chapter reviews three sets of geographical literatures that were selected as being 
the most relevant to the study of the politics and production of urban sustainabilities in 
response to the growing recognition to the challenges thrown up by climate change in the 
“Anthropocene” (Dalby 2007). The three sets of literature reviewed here are: 1) the new 
environmental politics of urban development (Section 2.2), 2) urban political ecology 
(Section 2.3) and, 3) the networks and spatialities of urban environmental governance 
(Section 2.4). Each review section is organized firstly with a summary of the literature and 
secondly with a critique of its limitations and shortcomings. While the scope of review is 
wide, I argue that this is useful for building upon the strengths and limitations of the 
geographical work on urban sustainabilities and urban carbon responses to date. The final 
part of this chapter then builds upon this review to develop this thesis’s conceptual 
framework (Section 2.5). The general argument I make in this chapter is that the new 
environmental politics of urban development and the urban political ecology literatures 
present significant shortcomings to understanding how climate-response urban 
sustainabilities are produced; I thus argue that the networks and spatialities approach offers 
more utility and insight. 
 
2.2 The New Environmental Politics of Urban Development 
 The work of Aidan While and his collaborators on the politics of urban development 
in response to climate change has shown how uneven development results from the 
restructuring of state regulation to facilitate climate-related capital accumulation (While 
2008; While et al. 2010; Jonas et al. 2011). This set of literature, which has been grouped by 
their authors as pertaining to the “new environmental politics of urban development”, is 
largely an update of the “New Urban Politics” literature in view of the changing 
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environmental regulation of the state in response to climate change. This process of re-
regulation involves the reorganization of state capacities and functions for the purpose of 
climate change socio-environmental regulation. The fundamental argument of this literature 
is that the state has restructured in response to the strategic priorities of climate change for 
urban environmental governance. This process of restructuring has implications for urban 
and regional governance as it has led to a reassertion of state control over urban areas to 
further the regulation of carbon emissions control. In what follows, I summarize this set of 
literature and subsequently provide a critique of its limitations. 
 
2.2.1 Summary of the New Environmental Politics of Urban Development Literature 
 
Ecological crises as crises of capitalist accumulation 
 A political economic reading of environmental governance and regulation is central 
to the politics of urban development literature. Closely following the literature’s neo-Marxist 
antecedents, the capitalist mode of production is theorized as deleterious to socio-
environmental conditions (Drummond and Marsden 1995; Harvey 1982; Harvey 1996).  
 I shall provide a rough outline of this chain of explanation to make clear its Marxist 
logic. In brief, capitalism’s overriding economic rationality necessarily treats the 
environment as essentially nothing more than a collection of use values to be exploited and 
thus tends towards environmental degradation (Smith 1984). This represents an inherent 
contradiction of the capitalist mode of production as the destruction of the material 
conditions for the reproduction of capital simultaneously creates obstacles for further rounds 
of accumulation. Capitalist society is thus regularly confronted by ecological crises, which 
manifests in the instance of anthropogenic climate change as an over-accumulation of carbon 
in the atmosphere. The nation-state is expected to “intervene to address or avert” these crises 
7 
 
to “balance between society and nature” and maintain the socio-environmental conditions 
for accumulation (While et al. 2010: 78; Castree 2008). As part of a concomitant and 
contested process to acquire political legitimacy, the capitalist state is compelled to balance 
ecological protection with the need to raise the “rate of profit” and other competing pressures 
and demands on governance (Harvey 2014: 248; Jessop 2002). The state therefore tends to 
roll out strategically selective environmental projects and institutional pathways that are less 
environmentally degrading than previous developmental trajectories (Krueger and Gibbs, 
2007, While, 2008). 
 
Eco-state restructuring: the reworking of the state 
 This process of deploying environmental regulation is accompanied by a continual 
reworking of state “powers, capacities, regulation and territorial structures” known as eco-
state restructuring (While et al. 2010: 77). Although the specific outcomes of eco-state 
restructuring are contingent on the selective pressures and competing demands placed upon 
and within particular nation-states (Bulkeley and Broto 2013a), there are nevertheless three 
distinct phases of environmental governance that can be identified in the past four decades 
(While et al. 2010). The first phase occurred in the 1970s and the 1980s and was directed 
towards the control of environmental pollution. This initial wave of eco-state restructuring 
was given its impetus not only by the incipient environmental movements of that era, but 
was also catalysed by a set of ecological crises and natural resource shortages (including the 
oil shocks of the 1970s), that forced capitalism to attenuate its “utilitarian presumptions” 
towards the environment (Katz, 1998: 46; While, 2004). The second phase of eco-state 
restructuring took place in the 1990s and was orienteered towards the concepts of sustainable 
development and ecological modernization. (Mol 1996; Bulkeley and Mol 2003; Betsill and 
Bulkeley 2006). This phase was characterized by new regulations designed to facilitate 
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flexible decision making and win-win solutions for both ecological protection and economic 
growth (Buttel 2000). Environmental policy was internalized within the framework of 
neoliberal governance and strongly featured technologically deterministic discourses of 
modernising pollutive industries with clean and efficient socio-technological systems (Keil 
2007; Hajer 1995; Dryzek 2012). 
 The third phase, which has begun since the start of the new millennium, is 
characterized by efforts to manage and control greenhouse gas emissions to mitigate 
anthropogenic climate change. Climate change mitigation thus provides the legitimating 
discourse that has precipitated the transition from sustainable development. This current 
phase of “carbon control” is argued to have become the “organizing principle of socio-
environmental regulation” within neoliberal competition states (While et al. 2010: 76). 
Carbon control is differentiated from the regulatory regimes of sustainable development 
through the following characteristics: 1) an extension of state intervention in the political 
economy of production and consumption, 2) the displacement of less specific urban 
sustainability measures with highly specific ones designed to reduce urban carbon emissions 
and, 3) a new and “harder edge” to environmental regulation because, in contradistinction to 
the notorious difficulties in defining and assessing sustainable development, carbon 
emissions can be measured, and costs and responsibilities can accordingly be assigned (Jonas 
et al. 2011). 
 
The state imposition of carbon control on regional and urban scales 
 Given the above specification of the broader shifts in processes of environmental 
governance, urban development theorists are particularly interested in how “international 
and national carbon control regimes come to ground” at the urban and regional scale (While 
et al. 2010: 86-87). How then do these changes in the governance of climate change connect 
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to urban environmental management? The literature explains how this occurs through a 
relational analysis of socio-ecological and political economic processes that connect urban 
governance to the state (cf. Bulkeley 2005). At a more general level, eco-state restructuring 
around the strategic goal of carbon emissions control has necessitated state interventions at 
the urban and regional scale. These displace the current regime of voluntary carbon 
mitigation strategies undertaken by “activist” urban authorities with the imposition of 
measures such as new forms of environmental legislation and spatial regulation, the 
alteration of the “calculative practices of urban management” with the introduction of non-
negotiable carbon budgets and markets, the need to invest in low-carbon infrastructure, and 
so on (Jonas et al. 2011).  
 Such interventions in practice require the organization and mobilization of strategic 
interests, actors and growth coalitions around low-carbon forms of investment and 
governance to achieve the carbon reduction goals and development outcomes specified at 
the national and global scales (Cox 1993; Molotch 1993; Coe et al. 2004; While et al. 2010). 
In actual urban territories, these movements are paralleled by a shift from unmitigated urban 
entrepreneurialism towards the centrality of carbon control in urban development politics 
(Jonas et al. 2011). While the earlier phase of urban development centred on pro-growth 
entrepreneurial urban regimes and interurban development politics around the strategic and 
regulatory goal of attracting globally mobile capital (Harvey 1989; Jonas 1992; Cox 1993; 
Harding 1997; Lauria 1997; Yeung 1998; MacLeod and Goodwin 1999; Peck and Tickell 
2002; Brenner 2004), fundamental shifts in the wider environmental and economic 
regulatory context have since prompted movements towards lower-carbon emission 
trajectories in urban development strategies.  
In particular, the recent eruptions of global financial crises associated with neoliberal 
urban regimes and growth coalitions have combined with the increasing political pressure 
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on urban governance to mitigate climate change and off-set the environmental costs of urban 
growth (Krueger et al. 2007). This transition include measures encouraging investments in 
the energy sector to switch away from fossil-fuel based consumption to renewable energy 
generation technologies, to engage in new place promotion strategies, and to attract low-
carbon investment and economic activities (Jonas et al. 2011). Furthermore, the development 
politics of urban living spaces have now become subjects of regulatory measures and urban 
investment strategies directed towards reducing energy consumption and inculcating 
individual responsibility for carbon emissions (Rice 2010). This territorialisation of urban 
spaces and peoples for the state regulation of carbon is part of a broader set of spatial 
processes such as carbon outsourcing (Whitehead 2013). These strategic efforts are 
translated into actual urban spatialities in the form of “carbon fixes” – which are climate-
relevant spatial fixes – that that selectively incorporate environmental goals while furthering 
rounds of capital accumulation (While et al. 2010: 81; Jonas and While 2007; Krueger and 
Gibbs 2007). These regulatory fixes are enacted to the detriment of broader social and 
environmental goals due to the overriding need for low-carbon development strategies to 
support “mainstream economic strategies” within the “neoliberal competition state” (While 
et al. 2010: 87). Thus, neoliberal urban politics and development strategies to compete for 
mobile investment remain the key priorities for neoliberal modes of urban regulation 
(Whitehead 2013: 1352):  
 
[T]he extent to which the carbonisation of urban policy can be achieved is pre-
conditioned by the structured cohesion upon which the social economy of that 
place had first emerged (and in particular the specific modes of production, 
energy mix and spatial form of the city)… regardless of the extent to which 
urban polities are climatised, urban carbon control must be synchronised within 




The management of carbon emissions has the objectives of acting both to reduce the political, 
economic and environmental costs of urban entrepreneurial development and to provide new 
“green growth” industrial niches to spatially fix capital investment (Sullivan 2013; Harvey 
2014). In sum, despite the challenges of responding to climate change, urban sustainable 
development policies are still subject to the prevailing logics of urban capitalist 
development; with the implication that the urbanization process can be incrementally 
modified, but only to the extent that it aligns with the overall economic priorities of urban 
elites and growth coalitions (Harvey 2001; While 2004; White et al. 2010; Jonas et al. 2011). 
 Having provided a summary of the literature on the new environmental politics of 
urban developments by outlining its main arguments and identifying some of its main 
theoretical antecedents, the next sub-section discusses some the literature’s empirical and 
theoretical limitations.  
 
2.2.2 Methodological, theoretical and epistemological limitations of the Urban 
Development Literature 
 This section provides a critique of some of the limitations of the new environmental 
politics of urban development literature in view of its utility for understanding how the 
spatialities and workings of urban sustainabilities are produced in response to climate 
change. I would like to note at this point that, given the emerging status of the literature and 
the relative novelty of climate-specific environmental regulation, there has as of yet been 
little published on the shortcomings of this body of work that I could draw upon. Thus most 
of the limitations highlighted in the next section were derived through a sympathetic critique 
of the literature; as well as through drawing parallels between the writings on the new 




Epistemic gaps and theoretical limitations 
 Several epistemic gaps and theoretical limitations can be identified in the literature 
on the politics of urban development. A set of these flaws stem from its commitment to a 
mode of theorizing that conceptualizes the relations between capital and the state in highly 
abstract terms (cf. Brenner 2009; Whitehead 2013). This can be traced to the fact that the 
new environmental politics of urban development literature, as an extension of the work in 
New Urban Politics, has consciously acquired the neo-Marxist conceptual framework from 
its antecedents (Gibbs 2006; Jonas et al. 2011).  
 This theoretical inheritance is responsible for some of the limitations of the urban 
development literature. One highly consequential one amongst which is the stylization of 
facts to fit theoretical edifices. The urban development literature explains patterns in urban 
development through the perspective of changes in economic and environmental regulatory 
regimes in relation to climate change mitigation (While et al. 2010). However, the literature 
tends to assert, rather than closely examine, the causative role of neoliberal economic 
considerations within the changing contexts of socio-environmental regulation while 
simultaneously ignoring processes lying outside its political economic purview. The 
literature assumes that the climate mitigation-precipitated shift to new kinds of regulatory 
regimes occurs primarily as a “regulatory fix” to attenuate the socio-ecological 
contradictions of neoliberal urbanism thus “securing” the material conditions for its 
reproduction (While et al. 2010: 83). Accordingly, the shifts in regulation considered 
pertinent to this shift are circumscribed to explicitly economic dimensions. This single-
component fixation on the workings of the neoliberal competitive state translates into an 
emphasis on largely top-down and market-based measures such as: 1) the introduction of cap 
and trade carbon markets, 2) the legislation of carbon taxes, 3) the provision of incentives 
for low-carbon technologies and, 4) policies to reduce energy use and carbon emissions in 
13 
 
the consumption sphere (While et al. 2010; Jonas et al. 2011). This reveals a confusion in 
the literature relating to the causal relationship between the logic of neoliberal urbanism as 
a whole, and the logic of urban socio-environmental governance within neoliberal cities. The 
literature has argued that the latter arises in the context of the former; but does not 
acknowledge that this does not necessarily mean that the objectives of urban socio-
environmental governance are coterminous with the objectives of inter-urban competition 
and urban capital accumulation. Thus the analytical paths taken in the new environmental 
politics of urban development verge on economic determinism and leads to a number of 
significant theoretical limitations. It therefore follows that little conceptual room is available 
for how changes in particular geographies of environmental regulation may be led and 
influenced by non-market and non-economic considerations.  
 This abstract mode of analysis thus obscures the work, the actual process, through 
which “international and carbon control regimes come to ground at the urban and regional 
scale” (While et al. 2010: 86). Shifts in regulation at one scale are related to changes at 
another without any account for the intervening networks and processes. To illustrate, it is 
fruitful to recall that the New Urban Politics literature, of which the urban development 
politics literature has declared itself an extension of, was critiqued for simultaneously over-
privileging the politics of local state actors based within urban regimes over broader political 
economic structures and non-state based actors while also assuming the a priori ontological 
and epistemological existence of the local scale within a highly structural account of the state 
(Cox 1991; Lauria 1997; DeFilippis 1999; MacLeod and Goodwin 1999). By contrast, the 
urban politics literature seems to have swung the pendulum to the other end by assuming the 
overriding influence of state intervention for carbon control that “locks low-carbon strategies 
into supporting mainstream” modes of neoliberal economic development (While et al. 2010: 
87). This move effaces the relative autonomy of actors within localities while also neglecting 
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the causal role of bottom-up influences operating through relational and multi-scalar 
assemblages of urban socio-environmental governance (Bulkeley 2005; Rutland and Aylett 
2008). Although the literature is careful to make qualifications that highly uneven 
“geographies of state environmental regulation” will develop as the “contingent” result of 
strategic governance, these assurances are quite unconvincing as they contradict the 
overbearingly large explanatory role simultaneously given to top-down state-level regulation 
(While et al. 2010: 79). Therefore, despite the assertion that the globalizing climate change 
agenda will be delegated to the urban scale in contingent ways, the urban development 
literature nevertheless commits to a level of contingency that is never explored or specified; 
except that this level is not significant enough to disrupt the overriding logics of delegation 
from the global to the national and thence to the locality (cf. Davies 2002).  
 This is a critical theoretical limitation inasmuch that it contains the implicit 
assumption the only important power relations between the local and the national scale are 
those of top-down control and assumes all other scales except the scale of the nation-state as 
passive in the face of a globally regnant climate control accord. Despite assertions to the 
contrary (While et al. 2010: 89), the literature thus implicitly assumes a top-down delegation 
of environmental governance imperatives and climate change related knowledges that flow 
from the global to the urban scale, with each progressively delimited scale acting only as a 
filter to an overbearing global climate control consensus. There has been no account or 
explanation within the literature of how the “strategic selectivities” in the state-led 
carbonization of environmental governance inserts itself into the actual practices and 
capacities of urban governance. Theorists working within the new environmental politics of 
urban development literature have thus committed to this unproblematized view of a one-
way flow of knowledge and power by failing to even raise the possibility that the nation-
state and the urban scale can create flows that go the other way. How spatial differences in 
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urban socio-environmental governance emerge is thus an open question within the 
framework of the urban development literature as key factors such as the path-dependency 
of urban development trajectories, the embeddedness of environmental regulation, the 
relational connections to and from the urban scale, and the contextual nature of urban 
governance imperatives are all conspicuously absent. 
 
Empirical limitations with theoretical consequences 
 One related consequence of this is that the literature’s inherited theoretical 
abstractions tend to overshadow empirical reality. Theoretical overreaches are thus made 
based on a limited set of empirical facts. The urban development literature, for instance, 
argues that environmental regulatory regimes have become more stringent in response to 
climate change, in comparison to the regulation of sustainable development, with state 
intervention into urban governance in the name of carbon control becoming the norm (While 
et al. 2010). However, while there is fragmentary evidence that such changes are occurring, 
there is scant empirical basis to assert that such processes are actually becoming widespread 
particularly outside of the United Kingdom (Hodson and Marvin 2007; 2009; Bulkeley 
2010). By arguing that the politics of sustainable development has been supplanted by the 
politics of carbon control, the urban development literature has created both an undue 
dualism and an unwarranted inexorability between the two posited waves of urban 
environmental governance. But contrary to the radical assertion that a new era of top-down 
politics represents a break with the previous autonomy of urban environmental governance, 
the available evidence instead indicates continuity with its largely voluntary character and 
limited occurrences of a reorientation around national management (Bulkeley 2010). The 
claim that carbon control has become the “master concept” in socio-environmental 
regulation is thus most likely an artefact of biased empirical sampling (Keil 2007). This 
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recalls earlier critiques of the New Urban Politics literature as lacking in empirical evidence 
to support its presupposed relations between and over-simplified assumptions of 
globalization and urban governance (Cox 1993; Hall and Hubbard 1996; DeFilippis 1999).  
 More problematically, the politics of urban development literature has unduly 
elevated concrete explanations of place-specific changes in urban governance in response to 
climate change to a general theory of urban development politics and environmental 
regulation. The urban development literature has thus far drawn from a narrow empirical 
base in “prevailing modes of competitive sub-national governance in western nations,” with 
the bulk of research occurring in the United Kingdom (While et al. 2010: 77). Indeed the 
literature’s leading theorists have freely admitted that their work constitutes a “First World 
political ecology” but nevertheless suggest that their “argument has broad application across 
the world” (While et al. 2010: 77; Schroeder 2005). The western context is thus implicitly 
raised as an ideal-type construct that other, non-western contexts, are more-or-less analogous 
to. The unstated assumption is that changes in urban environmental regulation in these other 
contexts will hew closely to those posited in the urban development literature.  
 But even if we accept that “variegations” within neoliberal modes of urban 
development can be contained within the literature’s framework, as the leading urban 
development theorists seem to do, it is far more difficult to leave as hostages to fortune the 
spatialities of the entire non-Western world (Brenner et al. 2010; While et al. 2010: 87). The 
lack of theoretical accounting for the non-Western context is an especially serious omission 
on related theoretical and empirical terms. The urban development literature’s aspirations to 
general theory must necessarily be incomplete as it has failed to consider the nation-states 
and regions, within Asia in particular, that constitute the bulk of both global economic 
activity and global carbon emissions (IEA 2010; Quah 2011). The point here is not that the 
current theoretical framework is necessarily inapplicable. Rather, if the ultimate objective of 
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theorization is robust explanation, then it follows that its empirical basis must draw 
significantly from nation-states outside the global north. Given that many of these non-
Western nation-states have markedly different development trajectories, regulatory regimes 
and socio-environmental priorities than those in the Western context, it is cannot be stated 
with much confidence that the central premises and main conclusions of the urban 
development literature are anything more than a theoretical representation of highly place-
specific observations.  
 
Epistemic shortcomings: lack of engagement with the workings of environmental 
governance 
 The most severe limitations of the urban development literature, however, stem from 
its lack of engagement with the actual substance of environmental regulation. Indeed the 
literature’s lead theorists make clear that the target of explanation is not the politics of 
environmental regulation in themselves but how they “intersect” with the “politics of urban 
and regional development” (While et al. 2010: 88). This is highly problematic as the analysis 
of the actual process and practices of environmental regulation cannot be reduced to the 
analysis of the processes and practices of neoliberal urbanism. Despite purporting itself to 
be a theory of how environmental agendas influence the institutional pathways of urban 
development, the literature has thus far failed to provide explanations for either the actual 
policy outcomes of environmental regulation or the role of governance in regulating concrete 
socio-ecological processes.  
 There is thus paradoxically nothing substantively environmental about the new 
environmental politics of urban development. This results in a number of significant 
conceptual limitations.  In theorizing the state in environmental regulation, for instance, the 
urban development literature only considers its role in securing the conditions for 
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accumulation and maintaining a vaguely defined “balance between society and nature” by 
“taking some responsibility” for the capitalism’s socio-ecological externalities (While et al. 
2010: 79; Castree 2008). But this has more to do with how the capitalist state intervenes in 
socio-ecological crises of accumulation, and does not exhaust the extent of the state’s 
participation in regulating the urban environment. Thus, an important aspect omitted is how 
the state also plays a coordinating role within networks of interlinked public and private 
authority across multiple scales of governance (Bulkeley 2010).  At the urban scale, to raise 
another critical example, state actors secure political legitimacy by co-producing urban 
environmental knowledges and environmental policies in collaboration with scientific and 
technical experts; and also through how “leaders and staff of national bureaucracies and 
technocracies use and create indigenous and hybrid knowledge” (Rocheleau 2008: 717; 
Lemos and Morehouse 2005; Corburn 2009; Hegger et al. 2012). This theoretical limitation 
consequently causes a neglect of the agency and creative potential at the urban scale. The 
urban development literature therefore overlooks the role of mobile knowledges that are 
assembled at the urban scale to produce new urban sustainability spatialities that then 
become models for globally circulating best practice (Faulconbridge 2013). 
 The urban politics literature also limits its conceptual reach to a form of end-of-pipe 
analysis in both unpacking the normative dimensions and tracing the society-environment 
relations at the urban scale. The outcomes of socio-environmental governance are analysed 
and theorized from a perspective external to the actual process of regulation and typically 
results in macro-level analyses of the politics of interurban and interregional distributional 
equity (While et al. 2010). The literature simultaneously makes assertions about the reasons 
for these changes in socio-environmental governance; typically attributing these shifts as 
motivated by the need for the state to resolve capitalist contradictions. But making inferences 
from the outcomes of eco-state restructuring to its causes is not only logically unjustifable, 
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and potentially amounts to an unproven assertion from the literature’s neo-Marxist 
theoretical framing, but also carries the risk of assuming congruity in the causes of 
superficially similar environmental regulations when the latter could arise from markedly 
different place-specific governance objectives (Spaargaren et al. 2006).  
 By conceptually delimiting analyses to changes in the governance of economy-
environment relations, the literature also demonstrates a lack of specificity in theorizing the 
relations between society and nature. The actual linkages between urban socio-
environmental governance, urban spatialities, “green” technologies and biophysical 
processes are not elucidated. This is evident in how the urban development literature ignores 
the causative role of urban materialities and the actors that build these spatialities (cf. Guy 
and Shove 2000; Jacobs 2006; Faulconbridge 2009; Sassen and Dotan 2011). By ignoring 
these apparent “little things”, the urban development literature has also forfeited its ability 
to explain the actual workings of environmental regulation and the production of concrete 
urban spatialities (Thrift 2000). It has been argued that all environmental problems are really 
“complex refractions” of ongoing struggles in other social realms (Harvey 1996: 372). The 
urban development literature, through its highly abstract and economy-centric mode of 
analysis, has thus far managed far more successfully to analyse changes in macro-scale 
socio-environmental regulation from the perspective of the neoliberal competition state than 
the actual workings of environmental regulation. Rather than engaging with the substantive 
matters of how the environment is regulated, then, the literature has instead quite 
successfully explained the environment away.  
 In summing up these critiques of the literature on the new environmental politics of 
urban development, there is an overwhelming sense that many of the limitations discussed 
above stem from the failure to delimit the conceptual reach of neoliberal capitalism in the 
literature’s theorizings. In other words, the highly abstract mode of reasoning and the 
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prioritizing of economic explanations in the urban development literature can be traced to its 
historical materialist epistemological core. As we shall see in the next review section on 
urban political ecology below, this is a limitation that is held in common with other critical 
literatures that have strong theoretical inheritances from a neo-Marxist lineage. 
 
2.3 Urban Political Ecology 
 There is now a thriving literature on urban political ecology since the field’s formal 
inception around a decade ago (Swyngedouw 1996; Swyngedouw et al. 2002; Heynen et al. 
2006; Kaika 2006; Monstadt 2009; Loftus 2012; Keil 2014). Urban political ecology 
provides a theoretical framework derived primarily from neo-Marxism and science and 
technology studies to analyse how urban processes determine access to natural resources and 
differing socio-environmental conditions between urban groups. The literature has brought 
into range a new set of research objects and has conducted empirical incursions into a wide 
variety of topics. This section thus provides an overview of urban political ecology before 
delving into a critique of its limitations and shortcomings. 
 
2.3.1 Summary of the Urban Political Ecology literature 
 
A short history of UPE 
 Urban political ecology (UPE) is a relatively new offshoot of political ecology that 
broadens the theoretical horizons of the latter into the growing problems and conflicts around 
the socio-environmental conditions of the city (Swyngedouw 1996; Keil 2003; Blaikie 
2008). In contrast to political ecology, which tended to focus on obvious instances of socio-
environmental conflict or rural struggles within developing countries, UPE has so far based 
most of its empirical investigations around questioning the status quo within industrialised 
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cities (Peluso 1992; Peluso and Watts 2001; Peet and Watts 2004; Robbins 2004; Heynen et 
al. 2006a).  
 As a critically oriented branch of environmental enquiry, UPE consciously 
differentiates itself from more mainstream approaches to studying the urban environment by 
placing first priority upon the causal effects urban political economies exert upon urban 
environments (Heynen, 2014). This is a theoretical orientation derived from UPE’s 
immediate antecedents in political ecology, which argued that understanding nature-society 
relations hinged upon unpacking the underlying social relations of production rather than 
technical or organizational failures in environmental management (Blaikie and Brookfield 
1987). Following political ecology, environmental change and ecological problems are thus 
also understood in UPE as being embedded within the complex socio-economic and political 
relations under capitalism. Much work has also been done in UPE to extend its inherited 
theoretical foundations and conceptual toolset by characterizing urban spatialities as 
outcomes of intermingling social and ecological forces. The city is thus theorized as a hybrid, 
or as a “cyborg” city; a collection of human and non-human entities requiring vast inputs of 
capital and labour while being fundamentally tied to and dependent upon biophysical 
processes (Haraway 1991; Swyngedouw 1996; Latour 1999; Gandy 2005; Heynen 2006). 
 
Socio-environmental relations in UPE 
 How socio-environmental relations have been conceptualized in UPE has shifted as 
the field matured. There has as such been two waves of literature within UPE; the first wave 
relied heavily upon a largely structuralist Marxist theory, while the second wave has 
increasingly favoured actor-network and other post-structural approaches. The analysis of 
political economic structures is a central conceptual tenet in UPE as it retains the neo-Marxist 
theoretical foundations and normative leanings of political ecology. But unlike political 
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ecology, UPE has drawn from a more structuralist reading of Marx developed by critical 
Anglophone urban geographers to explicate the relationship between capital, culture, power 
and the environment. This Marxist tradition has several key theoretical features, including: 
1) a theory explaining the “production of nature”, 2) a conceptual vocabulary to describe the 
dialectical relations between capital and the environment, 3) a focus on the metabolic 
processes that are embedded in the social relations of production, 4) and a critique of the 
commodification of nature for the purposes of capital accumulation (Smith 1984; Harvey 
1996; Swyngedouw 1999; Castree 2003; Smith 2007). Also carried over into UPE’s 
theoretical formulations is the radical rejection of the nature/culture binary; along with the 
insight that the capitalist city is itself, as part of a set of internally related socio-environmental 
conditions, a part of nature (Harvey, 1996). Ecological problems are really expressions of 
the social relations of production, forged in specific places in specific political-economic 
contexts and embedded in locally generated meanings and cultures (Swyngedouw and 
Heynen, 2003). Thus, while UPE has increasingly drawn from post-structuralist perspectives 
on socionatures, the nature-society dialectic remains a central concern within UPE, 
particularly through the continuation of its explicitly political project of liberating humanity 
while simultaneously ending the domination of non-humans (Keil 2003; Heynen et al. 2006a; 
Holifield 2009). UPE therefore locates capitalism as the ultimate source of socioecological 
repression, mirroring Marx’s classic definition of the exploitation of labour (Swyngedouw 
and Heynen 2003: 900): 
 
Under capitalism, the commodity relation veils and hides the multiple 
socioecological processes of domination/subordination and 
exploitation/repression that feed the capitalist urbanization process. 
 
The normative goal of enquiry in UPE -- to make legible the uneven power relations within 
urban metabolic processes – is thus tied to this project by allowing UPE to identify political 
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“points for intervention” (Heynen 2006: 599). However, the normative vision UPE holds for 
more egalitarian nature-society relations has as of yet not received much substantiation and 
thus remains somewhat amorphous (Zimmer 2010). Nevertheless, a consistent target for 
critique has been the undemocratic production of nature-society relationships; along with its 
associated legitimization through environmental discourses and through institutional rules 
and norms (Castree and Braun 2001; Kaika 2006; Swyngedouw 2009). 
 
Urban metabolisms 
 To further UPE’s normative goals, the concept of urban metabolism provides UPE 
the analytical entry point to raise critical questions about the reasons why urban hybrids are 
produced as such, and for whose interests, by examining the political economic relations, 
cultural processes, institutional practices and hegemonic discourses through which power is 
exercised by urban elites over subaltern and non-human actors and processes (Keil 2005). 
UPE emphasizes the “radically political” potential of the concept by using it to unveil the 
uneven social power relations that underlie urban socionatural transformations 
(Swyngedouw 2006a: 106; Swyngedouw and Heynen 2003). For UPE, urban metabolization 
is the dynamic and creative process by which the city, as a set of socio-environmental 
relations and sociospatial formations, is produced through the intertwining of human labour 
and non-human entities (Heynen 2014). Urban spatialities are thus conceptualized as 
reflections of the multiscalar power relations undergirding the metabolic processes of the 
city. This conceptualization is consciously differentiated from the uncritical characterization 
offered in industrial ecological methods for analysing metabolisms, such as life cycle 
assessment and material flow analysis, which quantify metabolism as the generalized result 
of material and energetic exchanges and transformation processes associated with the city 
(Newell and Cousins, 2014). UPE critiques these mainstream perspectives as failing to 
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“theorize the making of the urban as a socio-environmental metabolism” (Swyngedouw 
2006b: 35).  
 By contrast, the concept of metabolism in UPE has its lineage in a historical 
materialist interpretation of environmental change based on the interaction of society with 
nature through human labour. Briefly, this Marxist theory posits that, in order to survive, 
humans necessarily have to transform their environment through the metabolic activity of 
labour and thus are co-producers of nature (Harvey 1996). Mankind’s capacity to transform 
the environment is enacted through labour power organized in distinctive patterns of social 
relations (Ollman 2003). These social relations constitute the mode of production and are 
reproduced through the dynamic and interdependent relations human society is engaged in 
with the rest of the Earth (Smith 1984). The process of urban metabolism is thus, in essence, 
the urbanization process viewed from the perspective of socionatural transformations 
(Angelo and Wachsmuth 2015). Put differently, UPE uses metabolism as a conceptual means 
to uncover the social relations of production that urban metabolic processes are embedded 
in.  
 The goal of UPE metabolic analysis is thus to critique capitalist trajectories of 
socioecological development and its associated regulatory practices, political contestations, 
and patterns of socioeconomic distribution that emerge from these relations (Keil and 
Boudreau 2006). Urban elites intentionally and undemocratically reproduce the inequitable 
social relations of the capitalist city through mobilizing urban metabolisms that unfairly 
distribute surplus values to themselves, while producing disempowering socionatural 
conditions for others (Braun and Castree 1998; Heynen 2006; Swyngedouw 2006a). In 
accordance with this mode of reasoning, UPE asserts that modern urban metabolisms are 
characterized by uneven and capitalistic power relationships; albeit the contingent and thus 
mutable result of historical specificity and political struggle (Swyngedouw, 2006). UPE thus 
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furthers its emancipatory goals by using the conceptual purchase afforded by metabolism to 
problematize, from a Marxist perspective, how uneven processes of capitalist development 
cause socionatural transformations. 
 
The production of hybrids 
 UPE has further problematized the idea of a coherent and pre-existing “nature” 
through its use of the concept of hybridity. Mainstream socioecological theories view their 
appropriate objects of analyses as “environmental problems.” These uncritical 
epistemological blinders are removed with the conceptual aid of hybridity, which allows 
UPE to eschew these limited perspectives, which are critiqued as fragmented views of the 
totality of nature/society relations, and instead conceptualize such environmental issues as 
part of wider and more complex socio-ecological realities (Keil 2005). To that end, UPE has 
drawn from science and technology studies, in particular Donna Haraway’s and Bruno 
Latour’s work, for its theories and concepts on hybrids and network ontologies (Haraway 
1991; Swyngedouw 1996; Latour 1999; Latour 2005; Gandy 2005). Methodologically, this 
has also resulted in the increasing use of the Latourian method of tracing connections 
between actors (see, for example, the contributions in Heynen et al. 2006a). Nature and 
society are no longer considered separate, but are instead entangled as a multiplicity of 
processes and entities within hybrid assemblages (Gandy 2005; Latour 2005). Thus, UPE’s 
adoption of the concept has allowed it to acknowledge the agency of non-human entities as 
causally important actants within hybrid networks (Swyngedouw, 2006; Robbins 2007). 
Hybridity therefore allows UPE to problematize the urban environment as one that is co-
produced by human actors and non-human actants in socially embedded and historically 
contingent ways (Swyngedouw 1996). While the insight that nature is socially constructed 
as separate from society is one that is shared with other branches of critical geography (see, 
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for instance Castree 1995; Harvey 1996; Demeritt 2002), UPE’s highly complex 
conceptualization of how hybrids are produced is a major point of departure from these other 
works (Fig 2.1).  
 
 
Figure 2.1. The production of hybrid socio-natures (reproduced from Swyngedouw 2002: 
22). 
 
 As Figure 2.1 intimates, the production of hybrids is power-laden throughout its 
material, cultural and political economic dimensions. Hybrids are assembled by a variety of 
processes; biogeochemical ones along with the material, cultural and discursive practices of 
various actors; that are, in turn, embedded within the social relations between actors 
(Swyngedouw 2004; 2006). UPE’s primary interest here is to understand how power is 
exercised over the process of hybridisation and the contestations that arise over the 
discursive, material and distributional aspects of this process. To make these theoretical 
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manoeuvres possible, the Marxist analysis of capital accumulation, as the study of the 
generative mechanisms of urban metabolization, is retained as the core of UPE’s 
epistemology and normative vision, while conceptual borrowings from post-structuralist 
theory are incorporated in UPE’s analysis (Lawhon et al. 2014). Post-structurialist concepts 
and theories, such as Foucauldian discourse analysis, are thus deployed as analytical tools in 
UPE studies, while the historical materialist epistemological core remains untouched. An 
example of a discursive practice that UPE is especially interested in is that of “purification.” 
This refers to a theoretical concept borrowed from Latourian theory, which argues that 
modernity has accelerated the production of hybrids but has simultaneously suppressed the 
representation of them as such (Latour 2005). Instead, these hybrids are discursively purified 
and socially constructed as belonging exclusively to either “culture” or “nature”, in a power-
saturated process that represents the “cultural” end as more valuable than the “nature” end 
(Castree and Braun 2001; Whatmore 2002). UPE brings these insights together with its 
continuing concern with the social relations of production to interrogate how purification 
strategies are used by urban elites on a variety of urban phenomena. Hybridity thus gives 
UPE the analytical tools to reveal how such urban issues are socially constructed as purely 
“natural” problems while obscuring issues of social justice and distributional equity 
(Swyngedouw and Heynen 2003).  
 
UPE empirical work 
 The robustness of UPE’s theoretical framework has been shown through the broad 
thematic reach of the UPE literature and the literature’s demonstrated ability to tie together 
a complex range of processes and phenomena. Swyngedouw and Heynen (2003), to give an 
example, unpacked an apparently “natural” problem as a multiscalar socionatural 
assemblage of diverse elements and interacting socio-ecological processes; the spread of 
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malaria by Anopheles vector mosquitoes in Jakarta; the 1997 Asian Financial Crisis and its 
impact on Indonesia, the subsequent response of the local construction sector, and the 
abandonment of construction projects within the city, the pools within these abandoned 
projects caused by the unusually heavy rainfall generated by the El Nino, and finally the 
breeding of mosquito larvae within the accumulated puddle and pools. 
 Reflecting the diversity of urban environments and political ecological issues, the 
UPE literature has revealed the hybrid character of urban “environmental problems” within 
a broad range of topics. UPE’s empirical objects of study include, but are not limited to, the 
metabolic relation of urban forest canopy cover to household income, water politics and the 
uneven production of urban hydroscapes, air pollution, neoliberal land reform and the 
urbanization process, the metabolic flow of fat through the city, the politics of control over 
the urban environment, air pollution, access to resources and the role of social power, 
suburban lawns, household urban agriculture and the political economy of the chemical 
industry (Robbins and Sharp 2003; Gandy 2004; Swyngedouw 2004; Heynen 2006a; Véron 
2006; Heynen et al 2007; Myers 2008; Loftus 2012; Bakker 2013; see also the other 
contributions in Heynen et al. 2006a). 
 
2.3.2 Methodological, theoretical and epistemological limitations of UPE 
 
Methodological limitations 
 There are two methodological issues with important theoretical implications that 
currently remain unresolved within UPE. The first issue relates to UPE’s almost exclusive 
empirical focus on cities within industrialised countries (Keil 2005; Zimmer 2010). Although 
there are empirical exceptions to this trend (see, for instance, Loftus 2006; Njeru 2006; Smith 
and Ruiters 2006; Véron 2006), the real problems are the theoretical and epistemological 
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limitations that emerge when theory developed in Northern contexts is assumed to be 
universally applicable to other contexts (Lawhon et al. 2014: 497): 
 
[T]he application of Northern theories uncritically to Southern contexts 
[highlights] that UPE tends to overlook the situated understandings of the 
environment, knowledge and power that form the core of other political 
ecological understandings…  a broader range of urban experiences [is needed] 
to inform theory on how urban environments are shaped, politicized and 
contested [within] a more theoretically heterogeneous UPE.   
 
 The second issue relates to how UPE has generally focused on urban-scale analyses 
of metabolic circulation, taking the whole city or a defined urban area as a template for 
analysis (Caprotti and Romanowicz 2013). UPE’s theoretical works have explicitly 
acknowledged the city as the result of “complex, multiscale and multidimensional” processes 
of urbanization (Keil 2003: 725). Indeed, scale is understood in theory as an active and 
contested process; as scaling rather than scale; which is constituted and reconstituted as 
“scalar configurations that extend from the local milieu to global relations” (Swyngedouw 
and Heynen 2003: 912). In practice, nevertheless, the bulk of UPE’s more empirical works 
have implicitly treated the city as its “self-evident” site of investigation; restricting their 
analysis to urban case studies as “discrete” and “bounded” research sites (Angelo and 
Wachsmuth 2015: 20). There is thus a methodological disjuncture between UPE’s empirical 
focus on cities and its analytical claims on “contemporary processes of urban social 
transformation that are not necessarily limited to the city” (Wachsmuth 2012: 518). UPE’s 
empirical focus on the urban scale thus transforms into its limited theoretical understanding 
of multiscalar connections. UPE is therefore critiqued as focusing on “the study of nature in 
the city” instead of theorizing, at a higher level of abstraction, the role of urban sustainability 
discourses and the “pervasiveness of socionatures” within planetary-wide process of 
urbanization (Brenner 2013; Angelo and Wachsmuth 2015:17). The socio-environmental 
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reach of the city is treated as if it were restricted to the urban scale; there is little conception 
of how processes operating at the urban scale are connected to the global scale and the intra-
urban scale (Wachsmuth 2012; Caprotti and Romanowicz 2013). 
 
Theoretical and epistemological limitations 
 UPE’s fixation on the urban scale is especially pertinent where it relates to UPE’s 
limited treatment of the scale of the nation-state. UPE foregrounds a historical materialist 
understanding of capitalist power relations -- known in the conceptual language of UPE as 
apparent “permanances” or hybridized “quasi-objects” (Harvey 1996; Swyngedouw 2004). 
This conception is, in essence, a structuralist understanding of political economy; where the 
particular organization of the state emerges from the historical process of capital 
accumulation (Lawhon et al. 2014). More specifically, the role of the state in UPE is 
implicitly assumed to be preoccupied with “creating and preserving an institution framework 
appropriate” to a neoliberal political economy (Harvey 2006: 145). In other words, the actual 
workings and objectives of socionatural governance is absent in UPE’s theoretical 
framework. The actual process of socio-environmental governance thus disappears under a 
sea of structuralist assumptions as the roles of the state in producing urban sustainabilities 
and reproducing socioecological power relations is assumed, rather than actually examined. 
The agency of individual human actors is conspicuously absent in UPE; things seem to act 
on the urban scale without any intervening action. As Lawhon et al. (2014) rightly pointed 
out, this abstract and highly generalized mode of reasoning also leads to the neglect of more 
heterogeneous understandings of more relational and embodied racialized, feminist and 
postcolonial power relations (see also Loftus 2012; Heynen 2014). Also missing is a concept 
of policy mobilities, of how embodied practices, circulating knowledges, policy norms and 
policy techniques travel and become incorporated in the governance and spatialities of 
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particular urban localities (Peck and Theodore 2010; McCann 2011; Peck 2011; 
Faulconbridge 2013). This lack of embodiment in UPE also results in its inadequate 
conception of the concrete practices through which urban sustainabilities are produced. This 
relates to UPE’s lack of specification of how hybrid cities are produced through complex 
interactions in relation to the “power relations between actors” with varying interests and 
capacities (Zimmer 2010: 351).  
 But perhaps the largest theoretical and conceptual limitations in UPE stem from the 
way it has operationalized its conception of nature-society relations. A major portion of 
UPE’s empirical work on socionatural relations has coalesced around the study of the 
inequitable distribution and access to “resource domains” (Heynen 2014: 601). This 
empirical focus can largely be attributed to UPE’s historical materialist theoretical 
inheritances. Indeed, in their “manifesto for urban political ecology” in Heynen et al.’s 
(2006a) highly influential contribution to the field, the “Right to Metabolism”, inspired by 
Henri Lefebvre’s writings on “the Right to the City”, is listed as one of the ten central themes 
of UPE research (Lefebvre 1996; Heynen et al. 2006a: 12).  As explained above, UPE has 
placed the Marxist political economic analysis of urban social power relations as the starting 
point for epistemological and normative inquiry. Thus the focus on resources is explained 
by UPE’s treatment of hybridized “natures” as commodified elements of consumption and 
exchange (Perkins et al. 2004; Heynen et al. 2006b). This mode of reasoning has led UPE to 
focus on how power is exercised over the metabolic processes of the city for the benefit of 
urban elites (Zimmer 2010). UPE analysis has thus been implicitly shaped by the normative 
goal of locating and critiquing urban socio-environmental inequities in the social relations 
of production.  
 But now the normative cart has been set before the epistemological horse. UPE has 
tended, via its Marxist lineage, to conceptualize socionatures in theoretically limited ways 
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(Grove 2009). Nature has been poorly conceptualized and the emphasis on the “production 
and meaning of urban nature” has been critiqued as “overly deterministic” (Gandy 2012: 
735). The issue here is of UPE’s degree of orientation towards and emphasis on the social 
sphere at the expense of the ecological sphere. This theoretical limitation is not one of merely 
de-emphasizing the “ecology” component in urban political ecology, but rather also relates 
to UPE’s insistence on making normative pronouncements on particular urban 
socioecological policies from a perspective both outside their entanglements with 
biophysical processes and the actual workings of urban socio-environmental governance. I 
shall provide two representative examples.  
 Julie Cidell (2009a), for instance, in her study of the LEED certification of green 
buildings, raises attention towards an important omission in UPE research: its failure to study 
how “the ecological properties of inorganic objects”, the built environment in her example, 
materially and discursively shape urban environments (p. 622): 
 
[O]ne of the most promising sources for understanding the production of socio-
nature is the built environment, which by its very name implies the irreducibility 
of the world to the human on one side and the natural on the other. Green 
buildings and the standards that produce them are one important pathway to 
investigating how the built environment is constructed both discursively and 
materially, and how changing building practices might imply a change in urban 
socio-nature relations. 
 
Her study’s goal was to find out “what vision of the city is being produced by the LEED 
standards” (p. 622). However, no-where in her article were the biophysical interactions and 
impacts of LEED-certified green buildings quantified, or the environmental regulatory 
practices associated with these LEED criteria even so much as specified. Instead of 
investigating the “ecological properties” she originally highlighted, she extrapolates by 
contrasting the content of the actual text of the LEED certification criteria directly with the 
urban. While Cidell quite rightly argues that the analytical value of interpreting the criterion 
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of the LEED standards for their postulated effects on the metabolic form and function of  
the city is important, this interpretative stance is a poor standalone without the empirical 
investigation, whether via quantitative or qualitative means, of the causal linkages between 
green building certifications and the urban environment. Thus, not only is this article’s 
analytical substitution somewhat disingenuous, but this “reading off” approach also results 
in her article’s non sequitur conclusion that the LEED certification emphasises 
environmental, rather than social, sustainability.   
 Another example lies in Jennifer Rice’s (2014) analysis of urban climate governance 
using a UPE framework (also parenthetically noteworthy is that that this particular article 
represents one of the few efforts in UPE to deal with the urban governance of climate 
change). Focusing on the practice of local greenhouse gas inventorying and urban education 
and outreach efforts, Rice asserts that “urban interventions into climate change do little to 
disrupt or restructure the ways in which carbon flows into or out of cities” because they are 
not targeted at the heaviest emitters of greenhouse gases and do not aim to change the 
underlying logic of urbanized capital accumulation (p. 381). But what Rice has actually done 
is to conflate the metabolic relations of urban energy and carbon flows with the balance 
between urban energy inputs and emission outputs. This is a very consequential conflation 
as Rice judges greenhouse gas inventorying and urban education policies as ineffective based 
on her analysis of their impacts on the former. But the latter is the primary environmental 
motive for carbon mitigation in the first instance; what matters for climate change mitigation 
policy, from a purely ecological viewpoint, is the degree to which carbon-equivalent 
emissions are reduced due to their implementation (Pacala and Socolow 2004). Her 
explanatory manoeuvres serve to direct critical attention towards the failure of urban climate 
change mitigation policy to make more equitable the social relations embedded in the urban 
energy system. She thus sidesteps answering how effective the urban interventions she 
34 
 
discussed are at addressing the complex balance between urban metabolic inputs and 
outputs; the actual assessment of whether these efforts reduce the net emissions of carbon 
and other greenhouse gases from the city. In other words, effective urban carbon mitigation 
policies are not necessarily effective socio-economically redistributive policies; and vice 
versa. Yet, as this example illustrates, UPE has tended to conflate the socio-economic 
impacts and ecological consequences of urban environmental issues in ways that 
unjustifiably reduces the latter to the former.  
 Thus, the crucial theoretical question to ask about UPE’s conceptualization of 
metabolism is whether metabolism describes a socio-ecological process; or if it more 
properly describes a political economic outcome. Although the epistemological framing of 
UPE ties together biophysical, social and discursive processes in the production of socio-
natural hybrids (Swyngedouw 2004), the Marxist logic inherent in its analysis of the social 
relations of production has led to a clear bias towards an anthropocentric reading of these 
relations. What UPE has essentially done is to establish a conceptual synonymy between 
urban metabolisms and the social relations of capitalist urbanism. As Newell and Cousins 
argue (2014): 
 
…although [urban metabolism is] theorized as a hybridized socio-natural 
process, the focus is clearly on the social and political dynamics shaping urban 
metabolisms. ‘Environment’ and ‘nature’ are often used interchangeably with 
‘ecology’ to foreground or provide context for an urban environmental politics. 
 
In short, UPE’s qualitative analyses of urban metabolisms reveal the social relations of 
production as the political economic conditions for urban socionatural outcomes. But these 
analyses do not encompass actual urban metabolic systems or ecological processes (Newell 
and Cousins 2014). UPE is largely silent on how urban politics affect environmental change, 
or conversely, how the environment affects urban politics. Similarly, there is a lack of 
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theoretical space in UPE for the role of socio-technical systems and their impacts upon urban 
social-environmental interactions qua urban influences on explicitly ecological processes 
(Zimmerer and Basset 2003; Sassen and Dotan 2011). In that respect, by focusing almost 
exclusively on studies of environmental politics rather than engaging substantively with the 
actual processes of biophysical systems, UPE might fairly be described as a theory of 
“politics without ecology” (Vayda and Walters 1999: 168). To quote a critique of political 
ecology, but one that I think is also highly relevant to UPE (Walker 2005: 78): 
 
Yet, in much contemporary political ecology the ‘concerns of ecology’ 
(‘ecology’ is often used interchangeably with ‘environment’ and ‘nature’) 
become primarily questions of power, struggle and representation, while the 
connections of these struggles to the biophysical environment remain 
unexamined.  
 
 It is worth emphasizing that UPE’s normative commitments are hardly egregious given its 
deliberate subscription to a critical mode of enquiry. Indeed, as Castree et al. (2014) have 
emphatically argued, the goals of critically-oriented studies in the social sciences/humanities 
are fundamentally related to their normative visions; and therefore cannot be justifiably 
consigned to merely filling in the empirical gaps, left by more technical fields, for the 
purpose of actualizing mainstream understandings of appropriate public policy. However, in 
the case of UPE, this normativity has unduly become the determining generative impulse for 
its epistemological foci and analytical priorities to the exclusion of more open and expansive 
conceptions of the environment’s place in “the urban condition” (Brenner and Theodore 
2005).  
To be fair, gestures towards a broader conception of nature; one that leaves aside the 
uneasy combination of Marxist epistemology and actor-network theory in favour of a more 
fully elaborated actor-network theory, have been made in UPE. A broadened perspective of 
socionatures, via actor-network theory, has been proposed to allow UPE to ask critical 
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questions relating to how human and non-human actors are assembled together in specific 
social contexts; and how these processes create new socionatural orders (Holifield 2009: 
639): 
 
…instead of explaining inequalities by contextualizing and situating them, actor 
network approaches turn our attention to the forms and standards that make it 
possible to circulate new associations of entities, to generalize social orders, and 
to situate actors within a social context – that is, to socialize them in particular 
ways. 
 
But ultimately, these movements towards a fuller embrace of post-structuralist theories are 
insufficient to resolve the central difficulty at the heart of UPE’s treatment of nature-society 
relations – the fact that UPE has avowed from a direct concern “with the question of 
environmental sustainability” (Sassen and Dotan, 2011: 823). Instead, UPE appears to actively 
deny the existence of actual environmental problems; but asserts in their place only the 
differential social impacts of socio-environmental processes (Swyngedouw and Heynen 2003: 
901): 
 
From these perspectives, there is no such thing as an unsustainable city in 
general. Rather, there are a series of urban and environmental processes that 
negatively affect some social groups while beneﬁting others. 
 
I would like to emphasize at this point that the urban responses to environmental issues are 
not the direct result of operationalizing a scientific or technical “view from nowhere” for 
socio-environmental policy; but are rather conditioned by the embeddedness and 
specificities of the local context (Shapin 1998; Hulme 2008; Brace and Geoghehan 2010). 
UPE quite correctly argues that the influence of the ideological, cultural, imaginative and 
political dimensions of urban life on how the environment comes to be understood cannot 
be ignored (see also Glacken 1967; Hinchliffe 1996; Pettenger 2013). But UPE’s outright 
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denial of the existence of environmental issues not only downplays their very real impacts, 
but also surrenders UPE’s political and epistemological responsibilities to make “uniquely 
valuable contributions” to advance geographical understandings of environmental problems 
that are of “great public concern” (Walker 2005: 79-80; see also Forsyth 2003). Rather than 
making the a priori assumption that the interaction of social relations and biogeochemical 
processes necessarily result in an inequitable distribution of costs and benefits, a more 
fruitful approach that has yet to be taken by UPE would be to expand the epistemological 
reach of urban environmental theory. Using actor-network theory differently, for instance, 
UPE scholars can trace the process through which various mobilizing knowledges are 
enfolded, selected and translated into urban sustainability assemblages to potentially uncover 
deeper understandings into the process in which urban sustainabilities are made and 
spatialized (see Bulkeley 2005; Aylett 2013). 
 As also evinced in the previous section’s review of the new environmental politics of 
urban development literature, the normative goal of critiquing capitalism in UPE has caused 
its epistemological privileging of the social relations of production. This has led it down well-
trodden theoretical paths to the exclusion of more expansive understandings of the politics of 
how actual environmental problems, most pertinently climate change in the context of this 
thesis, are brought into the workings of socio-environmental governance. In part to provide a 
palliative to these limitations, the next section reviews two related sets of literature that feature 
networked and spatial perspectives into the politics of producing and governing the spatialities 
of urban sustainability in response to the challenges of responding to climate change. 
 
2.4 The networks and spatialities of urban sustainabilities  
 This section deals with two sets of literature that are more directly engaged with the 
production of urban sustainabilities in response to climate change. These works are 
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organized into two categories: one focusing on networks and the other on spatialities. I would 
like to note at the outset that the authors of these literatures have not explicitly grouped their 
work as I have here; my intention here is to identity pertinent thematic categories in order to 
extract their useful dimensions and theoretical insights. I would also like to highlight that my 
concern here is with governance, rather than government; with the main focus on the ways 
power and agency is shared between a multiplicity of public and private actors in the 
regulation of the urban socio-environment, instead of the direct exercise of sovereign state 
power over the city (see Bulkeley 2010). One stylistic difference here with the previous 
sections is the lack of a separate section for critiquing the literature reviewed here; this is 
because the work in this section has been selected for review in part due to their utility in 
addressing some of the shortcomings and limitations identified in the previous two bodies of 
work reviewed. 
 
Urban environmental governance and networks 
 A prominent set of literature within pioneering geographical work on the urban 
governance of climate change has featured theories of multilevel governance (Bulkeley and 
Betsill 2005; Betsill and Bulkeley and Kern 2006; Bulkeley 2007; Bulkeley 2010; Bulkeley 
and Betsill 2013). This multilevel approach was a theoretical reaction against urban 
sustainability studies’ tendency towards practicing a “new localism”, which unduly privileged 
the city as the “socio-spatial container in which the sum of institutional, social and physical 
relations necessary to achieve a more sustainable future” (Marvin and Guy 1997: 312). 
Advanced primarily by the work of Harriet Bulkeley and Michele Betsill, the main focus of 
their multilevel governance approach was on the “interrelations between global, national and 
local actors across state/non-state boundaries” and the “multiple sites and processes through 
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which urban responses to climate change were configured and contested” (Bulkeley and Betsill 
2013: 136-137).  
 Insights gained from this analytical approach included advancing understanding of why 
and how environmental governance competencies were shared across different levels of 
government and the important roles of discourse in creating “spheres of authority” that defined 
how climate change was taken aboard governance agendas (Bulkeley and Betsill 2005). The 
urban was thus recognized as a critical scale in the governance of climate change due to its 
place in the complex hierarchical linkages between state institutions and emerging modes of 
environmental governance (Bulkeley 2005). The conceptual framework of multilevel 
governance thus facilitated new understandings of “the critical ways in which climate change 
is constituted as a political problem through this web of socio-spatial relations” (Bulkeley and 
Betsill 2013: 143). However, recent developments in the governance of climate change have 
prompted reflexive re-evaluations of the coherence of the multilevel approach to studying 
contemporary urban climate change governance (Kern and Bulkeley 2009; Bulkeley 2010). 
Amongst these considerations are the challenge of understanding how non-state actors 
participate in the governance of urban transnational climate networks and carbon markets; and 
the need for a renewed conceptual framework to facilitate analysis on a more encompassing 
range of actors and infrastructures relevant to urban climate change responses (Okereke et al. 
2009; Bulkeley and Schroeder 2012; Bulkeley 2013). 
 A network approach has thus been promoted as a way forward for understanding 
emerging geographies of urban socio-environmental climate governance (Bulkeley 2005). 
Rutland and Aylett (2008) represents one fairly recent but important contribution. Using a 
detailed empirical study of urban climate mitigation policy in Portland, Oregon, their key 
theoretical contribution is advancing a relational approach to understanding the work of policy 
and how urban authorities come to govern the conduct of other actors for the purposes of 
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greenhouse gas emission regulation. Actor-network theory is used to understand how new 
forms of agency is emerging in urban responses to climate change that is characterized by 
complex engagements with other local development priorities beyond the narrow “technocratic 
focus on measuring and reducing emissions” (Aylett 2015: 156). Energy efficiency is one such 
urban governance issue that has frequently been incorporated into urban climate change 
initiatives (Schreurs 2008). According to Rutland and Aylett (2008), the discourse of energy 
efficiency is often deployed by municipal authorities as a powerful mobilizing concern to 
translate diverse goals and interests towards urban climate policy’s political and ecological 
concerns. This need to enfold actors across the government and private sectors has been driven 
by the need for holistic action that exceeds the capacity of any one government agency (Aylett 
2015: 156):  
 
A top-down vision of climate change action focused on the regulatory powers 
of isolated local government agencies is being replaced… in response to the fact 
that no one agency or organization can take the cross-cutting action that holistic 
responses to climate change require. Rather, climate-relevant policies and 
programs are driven forward by coalitions of multiple different actors. This 
collaborative and networked approach to urban climate governance capitalizes 
on the synergies between objectives across different subject areas… and also 
between different groups of actors that cut across scale and bridge the 
governmental, civil-society and, private sectors.   
 
This network perspective on contemporary environmental governance has been fruitfully 
combined with other analytical approaches. For instance, Rutland and Aylett (2008) deploy a 
Foucaldian understanding of governmentality to analyse how a diverse set of actors were 
assembled and their interests subsequently aligned and governed through facilitative and 
authoritative power (Dean 1999).  
 These two related bodies of work on urban environmental governance and networks 
have collectively bolstered the geographical literature on the workings of urban environment 
is governed and how different actors become part of the urban environmental governance 
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agenda. The movement from multilevel governance perspectives to network approaches has 
also helped to advance understandings of how network building is fundamental to creating 
integrated climate change mitigation policies by aligning the differing, and sometimes even 
contradictory, interests and relations between state and non-state actors. In the next sub-section, 
I shall discuss the geographical literature on the spatialities and mobilities of urban green 
building policies. 
 
The spatialities and mobilities of green buildings 
 As this thesis has its empirical focus on Singapore’s BCAGM policy, I have elected 
to focus this portion of the literature review on the geographical work on the spatial aspects 
and territorial aspects of green building governance in order to provide a conceptual 
background to the empirical work the later chapters here. In that regard, I’d like to note at 
the outset that the geographical work specifically on green buildings – by which I mean the 
literature written from the discipline of Geography; and not the numerous positivist 
economic or real estate studies on the spread of green buildings – has been quite small in 
quantity thus far.  
 A significant portion of the literature that has contributed to this relative paucity of 
geographical green building comes from Julie Cidell’s work (2009a; 2009b; 2012; Cidell 
and Beata 2009; Cidell and Cope 2013). However, this subset of the green building literature 
has more to do with quantitatively identifying spatial trends in the green building industry, 
rather than being critically informed work. While this literature is doubtless an important 
practical contribution to the understanding of the emerging spatialities of green buildings, 
the quantitative techniques utilized in those studies discussed will not be deployed in this 
thesis. The more abstract insight that can nevertheless be gained from this body of work, 
however, is that place matters in the significant spatial variations in green building policies 
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despite the fact that these green buildings have all been certified under a single, coherent 
green building certification standard.  
 That said, one important exception to this quantitative style can be found in Cidell’s 
(2009a) article on the political ecology of the built environment. This paper has already been 
discussed in the preceding section on UPE, but what I want to highlight here is how Cidell 
used a UPE lens to examine the “vision of the city” that is produced by the LEED standards. 
Through her reading of the LEED certification, Cidell shows how the “LEED programme 
works to construct cities with the following characteristics: 1) flexibly and reflexively green; 
2) well documented and carefully planned; 3) sustainable in terms of the environment and 
the economy, but not society; 4) planned to be socio-natural hybrids” (p. 622). Despite the 
flaws in the article’s approach that I identified in the preceding section, particularly the way 
in which Cidell’s article does not actually examine how the built environment or the LEED 
standard affects explicitly specified aspects of urban ecology, this article still represents an 
important contribution because it connects the LEED green building standards to the 
characteristics of the urban spatialities that are produced as a result of its implementation. 
 This resonates with the critical approach taken in Rice’s (2010) analysis of 
greenhouse gas mitigation in Seattle, Washington. Although this particular paper only 
tangentially deals with green buildings (on p. 933), Rice argues in this article that urban 
governance has become “carbonized”, where “a relationship between the production of GHG 
emissions and specific urban activities is established through the use of GHG inventories 
and emissions monitoring” (p. 930). She demonstrates how state power is exercised to 
standardize and simplify the complexities of the physical environment so that “nature” can 
be made legible, quantified and thus managed. The carbonization of urban governance has 
led the enrolment of Seattle’s inhabitants as carbon relevant environmental subjects through 
the process of “territorialisation”, which refers to the “active creation and quantification of 
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bounded and ordered spaces of carbon-producing activities and simultaneous reproduction 
of local government jurisdictional capacities” (p. 931; see also Whitehead et al. 2007).  By 
defining particular urban spatialities as carbon emitting, the urban authorities “reaffirms its 
right” to enrol these spaces and the people within them in the process of urban carbon 
mitigation (p. 932). Taken together, these two articles illustrate how the spatialities of urban 
sustainability are created through the governance of urban climate change responses. 
 One final set of literature I will examine in this section is the work of policy mobilities 
and mobile knowledges in producing sustainable cities. To that end, Faulconbridge’s (2013; 
2015) articles on the relational production of sustainable building designs via knowledge 
mobilities presents the most relevant geographical work done on green buildings to date. In his 
2013 article, Faulconbridge develops a framework for the institutional analysis of the 
topologies of green knowledge mobilities and the “geographically heterogeneous impacts of 
attempts to mobilise green design knowledges” in order to advance understandings of the 
regulatory and socio-cultural production of “situated built forms and sustainability challenges” 
(p. 339; see also Bulkeley 2006; Jacobs 2006; Imrie and Street 2009). The main theoretical 
antecedents for this framework come from the economic geographical work on policy model 
mobilities and on communities of practice (Grabher 2001; Amin and Cohendet 2004; McCann 
2004; Faulconbridge 2006; Ward 2006; Faulconbridge 2010; Peck and Theodore 2010; Peck 
2011; McCann and Ward 2011; McCann 2011). The central argument put forward in the article 
is that the specific urban context renders green building design knowledges situated and place 
specific and thus cause the spatial heterogeneity in the characteristics of urban sustainabilities. 
The process through which circulating design knowledges are enfolded into embedded and 
place-specific green design knowledges is termed “bricolage” (Faulconbridge 2013: 350): 
 
[I]nstitutional topologies of mobility enable the production of new embedded 
knowledges; topologies being used here to refer to the way each place has and 
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can benefit from a spatially unique set of relational connections to metrically 
near and far places, these connections acting as sources of diverse green design 
knowledges that can be folded together into place-specific solutions. 
Consequently, the power of knowledge mobilities is realised not when a single 
design, technology or policy circulates and gets adapted and reproduced, but 
when from scratch through bricolage-based experimentation the production of 
multiple and novel local hybrid assemblages occurs; these assemblages bringing 
together a geographically rich array of circulating knowledges.  
 
The topologies of mobility referred to in the quote above are a necessary practicality for design 
professionals in order to facilitate learning by mobilising design “best-practice” that would 
otherwise be confined to particular cities and its communities of design professionals 
(Faulconbridge 2010).  
  “Context” in this instance refers to the regulative, normative and cultural cognitive 
aspects of situated urban institutional regimes (Scott 2008). I will briefly elaborate on what 
these terms mean as they are defined quite specifically in Faulconbridge’s instantiation of 
institutional analysis. The regulative aspects of the institutional context are the direct effects, 
such as those emanating from building codes, on mobilising knowledges that render them 
illegitimate or legitimate when transferred to new institutional contexts depending on their 
green priorities. They also encompass indirect effects, which relate to how inherited building 
stocks need to be refurbished differently depending on how past institutional contexts have 
resulted in different types of building designs. The normative aspects refer to how political-
economic contexts determine the social legitimacy of the building design/layout/facilities. The 
fact that green buildings are subject to "situated normative expectations" mean that green 
design approaches are more specific to institutional contexts that previously understood in the 
literature. Finally, the cultural-cognitive refers to the influence of sense-making frames on the 
regulative dimension. For instance, regulations can cause designers to incorporate particular 
green design features as part of a designer's mental maps. Thus the institutionally shaped 
priorities of the different stakeholders engaged in the production of green buildings all 
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contribute to the place-specific understanding of what constitutes an appropriate green 
building. Faulconbridge’s approach thus holds important insights for this thesis’s conceptual 
framing.  
 However, there are three features of Faulconbridge’s framework I’d like to quickly take 
issue with here. The first issue is with how his framework conceptualizes the topologies of 
knowledge mobilities as between “metrically near and far yet institutionally proximate” places 
(Faulconbridge 2013: 339). This seems implicitly a perspective that analytically privileges the 
movement and translation of knowledges from city to city or country to country. This is 
opposed to one that accounts for the multiscalar circulation of knowledges, including within 
the scale of the locality itself. In this aspect, the literature on networks discussed above 
demonstrates a more robust framework that accounts for such multiscalar translations (Rutland 
and Aylett, 2008). The second issue is how the process of bricolage is essentially reducible to 
how architects and other designers overcome the hurdles and challenges thrown up by 
municipal authorities and other context-specific factors by modifying their building designs 
accordingly; albeit with a concurrent focus on how this process of adapting green building 
designs simultaneously leads to changes in the knowledge-base of building design. This 
approach is ironic given how much of the impetus for the initial wave of critical research into 
sustainable buildings was given by a desire to escape the narrow epistemological confines 
previously allocated to social scientists in determining how non-technical barriers to decreasing 
building energy consumption, or other unsustainable behaviours, could be lowered (Shove 
1998; Guy and Shove 2000). The problem with this approach is how it assigns causal activity 
primarily to building designers and architects while diminishing the role of the state and other 
actors to a passive “institutional context”. As with the previous issue highlighted, a network 
approach may serve as a useful palliative to incorporate a wider range of actors in analysis. The 
third issue I’d like to raise is how the “green” component in the green knowledge mobility 
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framework appears to be little more than a thematic focus. Aside from the fact that green 
buildings, as a distinctive urban response to climate change, are the subject of discussion, there 
is nothing else in particular within the framework that indicates its orientation towards issues 
of urban sustainability. Indeed the framework appears to more closely resemble a general 
methodological framework to investigate how building designs are adapted in response to 
place-specific circumstances. In other words, biophysical processes and socio-environmental 
relationships are not specified in this framework except only incidentally.  
 These issues aside, the main value of Faulconbridge’s work, in the context of this thesis, 
is through his demonstration of how globally circulating design knowledges require adaptation 
to the local context through his institutional analysis of the role of architects and other design 
industry professionals in designing green commercial buildings. Thus, although two different 
green buildings may appear physically identical, their design rationales may well be very 
different due to the institutional embeddedness of green building design (Guy 2006). This is an 
insight that I shall explore in greater detail in my empirical investigations later in this thesis. 
 Taken as a whole, the work reviewed here on the spatialities and mobilities of green 
buildings shed insight on the form and direction the spatialities of urban sustainability take 
through, as Faulconbridge has identified, the adaptation of mobile green knowledges and, as 
Rice and Cidell have shown, the creation of delimited and defined spatialities through the 
deployment of specific practices of socio-environmental governance.  Together with the work 
on governance and networks in the sub-section before this, this section has shown how power 
is exercised through networks of urban environmental governance that are assembled through 
a multiplicity of human actors and non-human actants. The next sub-section provides a brief 
summary of the three bodies of literature reviewed in this section thus far, and then proceeds 
to outline the conceptual framework that will be deployed in the following empirical chapters 
in this thesis. 
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2.5 Framing analysis for urban climate response 
 The previous three sub-sections reviewed three bodies of literature: 1) the new 
environmental politics of urban development, 2) urban political ecology and, 3) the literature 
on the networks, spatialities and mobilities of urban sustainabilities. My concern thus shifts 
in this section to developing a conceptual framework for investigating how urban 
sustainabilities are produced. I firstly briefly interpret some of the key useful aspects and 
limitations of the literature reviewed thus far in the context of furthering geographical 
understandings of the urban governance of environmental sustainabilities in response to 
climate change. To link this more specifically to the literatures reviewed above, I then 
proceed to outline the conceptual framework for the empirical investigations and analysis in 
the subsequent sections of this thesis. 
 
2.5.1 What kind of theory for which aspects of climate change?  
 At the outset, I would like to note that rather than provide a rehash of the strengths 
and limitations in the literature reviewed, this sub-section focuses only discussing those 
critiques which are most relevant for the conceptual framework that is developed in this 
section. But I want to first take a step back and ask about what kind of conceptual framework 
is needed to understand the politics and production of urban sustainabilities in relation to the 
globalization of urban climate mitigation responses.  
 Such a conceptual framework would certainly need to have a place for the key issues 
climate change confronts urban governance with, including its political economic aspects as 
the “greatest market failure the world has seen” (Stern 2007); the need to select from the 
multiplicity of socio-environmental strategies available to reduce carbon emissions (Pacala 
and Socolow 2004; Broto and Bulkeley 2011); the potential of socio-technical interventions 
and innovations to modify the ways the city relates to the biosphere (Sassen and Dotan 2011); 
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and the spatial variations in the dynamics urban climate change governance due to the 
specificities of the urban locality (Kern and Alber 2008). The crucial question is, of course, 
how much emphasis should be placed on these various considerations within this conceptual 
framework. 
 It is in this regard that I would like to briefly summarize the useful aspects of the 
literature reviewed in this chapter, keeping in mind the objectives of this thesis. The literature 
on the new urban politics of urban development is instrumental first of all because of its 
thematic focus on the politics of climate change. It is also useful for its reminder of the 
continuing relevance of broader processes of state regulation in structuring the processes and 
practices urban environmental governance.  UPE is useful for calling attention to the 
complexity of socio-environmental hybrids and the embeddedness of the biophysical sphere 
in the processes that sustain the reproduction of urbanized capitalism. Although it has thus 
far focused on these social relations at the expense of the “ecological” component of its 
name, UPE is still relevant here in highlighting the potential linkages of contemporary 
urbanism to ecological processes.  
 This acknowledgement is especially pertinent in relation to how urban spatialities and 
its socio-ecological relations are shaped by the “vision of the city” projected by the policies 
of urban environmental governance (Cidell 2009a). The spatializing effects of carbonized 
environmental governance, in terms of the territorialisation of urban carbon strategies on the 
spaces and peoples of the city, is an important insight offered by Rice’s (2010) work; as is 
its identification of the role of energy security and other governance imperatives in urban 
climate governance. The key role of mobilising green knowledges in the production of the 
built environment and the foregrounding of the relationship between knowledge workers in 
the urban sustainability industries and the institutional context are Faulconbridge’s 
distinctive contributions. Lastly, the network approach to governance pointed to by Bulkeley 
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(2013), as enacted by Rutland and Aylett (2008), is useful as a conceptual starting point for 
this thesis’s empirical investigations. 
 Yet the useful aspects of these literatures cannot be adopted without modification in 
this thesis’s conceptual framework due to their common limitations. One such shortcoming 
displayed in most of the literature reviewed earlier in this chapter is their inadequate attention 
to the workings and practices of socio-environmental governance. Both the NEPUD and 
UPE literature, as reviewed earlier, discuss the institutional practices of urban environmental 
governance. But these practices tend to be analysed only in the abstract; as regulatory 
moments in urbanized circuits of capital accumulation. To be clear, while UPE also examines 
the discursive processes implicated in the production of socio-natural hybrids, these efforts 
focus mainly on instances of discursive framing in the purification of hybrids and do not 
extend to the other substantive practices of carbonized urban governance. In particular, this 
focus on discourse sidelines the role of circulating knowledges in the urban environmental 
“knowledge-policy interface” (Owens et al. 2007: 639).  
 But, despite the fact that the political heft of climate change science does not derive 
from how solid the science behind it is; but rather from how its technical knowledges are 
brought into environmental governance agendas (Adger et al. 2009), none of these literatures 
capture enough of the complexities of how knowledge matters in the politics and production 
of urban sustainabilities. Therefore, given the centrality of knowledge in climate change 
responses, the processes of situated knowledge production cannot be ignored if one is to have 
a systematic account of the production of urban sustainabilities in response to climate 
change. Thus I identify the lack of attention to the politics and practices of the urban 
environmental knowledge-policy interface as signalling the need to include the analysis of 
these practices as one important feature of this thesis’s conceptual framework. 
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  The literature reviewed also demonstrates partial conceptualizations of the process of 
the production of urban sustainabilities. By virtue of their theoretical orientations and 
conceptual frameworks, these literatures are strikingly delimited in their understandings of 
the politics and production of urban climate-related sustainabilities. Three of these partial 
conceptual views of the socio-environmental governance of the city are depicted in Figure 
2. The literatures identified in the figure were chosen on the basis of the amount of critique 
they were allocated in the preceding parts of this chapter. In this figure, I have presented, in 
as clear a form as possible, the way these three bodies of work have conceptualized the 
relationships between different actors and the processes that link them.  
 Hence we can see from this figure that the literature on new environmental politics 
presents the most complete conceptualization of the scalar relationships between the state, 
urban localities and the globalizing scientific-policy consensus on climate change amongst 
the three literatures. Yet, it delimits understanding due to its neglect of the relations between 
urban climate policy and the biophysical sphere, and the actual workings of the urban 
governance of climate change, in favour of its focus on the relationships between capital and 
the state. Urban political ecology is centred upon the contestations over hybridized socio-
natures embedded in the social relations of urban neoliberal capitalism. Thus questions 
relating to urban environmental governance only appear in ad hoc ways. Moreover, it 
restricts its analysis to particular urban case studies rather than to broader processes and 
scales (Whitehead 2013). Finally, Faulconbridge’s work on green knowledge mobilities 
presents a partial understanding due to its circumscription to analysing the practices 
pertaining to the particular knowledge-policy interface between building designers and 
implicitly denies the other actors of urban governance any agency except as part of a passive 
institutional context.   
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 Put differently, none of these literatures, standing on their own, enable us to answer 
the question: How do the concrete practices of knowledge production within urban 
environmental governance relate to the way the urban is lived and experienced? Or, to 
rephrase this question in the context of a concrete example: How do the ways in which 
technical knowledges about solar photovoltaic panels are incorporated into urban 
environmental governance affect the actual spaces of the urban environment?  
 In the final analysis, however, the significance of the shortcomings I identified should 
not be overstated. After all, no single field of study can be expected to provide a 
comprehensive understanding of all the aspects of urban environmental governance, least of 
all one as wide-ranging as urban sustainabilities. Thus the claims I make from my reading of 
these literatures, as expressed in Figure 2.2, must be seen as critiques originating from the 
more narrow front of explaining how specific knowledge production practices figure in the 
workings of urban environmental governance and how this, in turn, generates particular 
place-specific spatialities and socio-environmental relations. Nevertheless, there is a sense 
that the conceptual framings of these literatures have traded in their potential to provide a 
systematic account of the politics and production of urban sustainabilities for anticipated 
gains in analytical depth. This is a gap in the geographical literature, along with the lack of 
attention to the specific practices at the knowledge policy interface, which I shall attempt to 
remedy as I outline the conceptual review for this thesis in the next section.  
 
   
52 
 
















New Environmental Politics of Urban Development
Resolution of crises; enhanced competitive positioning for spatially mobile capital





























  53  
 
2.5.2 The conceptual framework 
 In this section, I outline a conceptual framework to guide my empirical work on the 
BCAGM in Singapore and the subsequent analysis in the following sections. I have 
developed this framework with the objective of having sufficient conceptual room to provide 
a systematic account of the politics and practices of the urban environmental knowledge-
policy interface and the urban spatialities and practices this produces, as my attempt to 
address the main critiques of the literature discussed in the previous section. I operationalize 
the “knowledge-policy interface” in this thesis as the interactions and influences relating to 
the associations between those actors concerned with technical knowledges and the actors 
concerned with urban socio-environmental policy. Taking as my conceptual starting point 
the networks and spatialities literature and cognate work, I have also integrated useful 
insights from the new environmental politics of urban development and urban political 
ecology literatures.  
 Simply put, the goals of this conceptual framework are to provide a way to 
systematically account for how mobile knowledges are transformed as they are incorporated 
into the BCAGM’s governance network; and to “follow the policy” as I trace how the 
BCAGM modifies urban spatialities and its inhabitants’ daily practices (Peck and Theodore 
2012). For clarity, I would like to emphasize that this conceptual framework has been 
developed not to study the actual policymaking process of the BCAGM in itself but, through 
its policy assemblage, its associated environmental governance and the effects of the 
BCAGM policy assemblage on urban spatialities and ecologies. I shall discuss the elements 
of this conceptual framework below. 
 The first element of this takes its inspiration from actor-network theory (ANT). Here, 
I draw on ANT for its empirical and methodological utility in analysing the politics and 
practices of the flow of mobile knowledges in producing urban green building socionatures, 
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and not for its potential to provide an alternative ontological account of the city through 
assemblage urbanism (Brenner et al. 2011; McFarlane 2011; Farias and Bender 2010). My 
use of ANT in this respect represents a modest theoretical borrowing; more akin to Rutland 
and Aylett’s (2008) deployment of the theory than UPE’s borrowings from ANT in its 
conceptualization of urban metabolism. This decision was informed by Rutland and Aylett’s 
(2008) demonstration of ANT’s usefulness in examining the process of environmental 
governance in relation to “the work entailed in developing new policies, paying close 
attention to how governing priorities emerge, how objects of government are constituted, 
and how different actants are involved in establishing both” (p. 632). I have also favoured 
Rutland and Aylett’s (2008) approach as it lacks the problematic combination of ANT and a 
neo-Marxist normative-epistemological theoretical core UPE deploys; the limitations of 
which I have discussed earlier in this chapter2. In essence, then, ANT is useful for this thesis 
because of the ways in which it broadens the epistemological horizons of the framework to 
a more diverse range of empirical study objects than is offered through more static framings 
of the urban socio-environment.  
 ANT’s main methodological utility for this thesis’s purposes lies in its theory of 
translation. In ANT, the alignment of apparently different interests of actors as they come 
together is theorized as a process of making mutual compromises to further the actors’ own 
goals; as a process of the “translation” of interests (Callon 1986; Latour 2004). This process 
of translation thus involves negotiation and collaboration and is made possible because 
“interests are what lie in between actors and their goals”; actors with different goals can work 
together towards their own distinct objectives by furthering common interests (Latour 1987: 
108). That said, the study of how the actor network constituting the BCAGM is assembled 
                                                 
2 An overview of ANT is beyond the scope of this chapter. For geographical perspectives on ANT, see Murdoch 
(1997; 1998), Whatmore (1999; 2002), Bosco (2006), and Farias and Bender (2012). 
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is not the empirical object of study for this thesis. Thus, two assumptions will be made in 
this regard to facilitate the investigation of my main study objects. Firstly, that translation, 
as the collaborative process of aligning interests, is the driving force behind the associations 
between actors in this thesis’s empirical investigations. Secondly, although the participants 
interviewed in this thesis are almost entirely from Singapore, it is presumed that the BCAGM 
actor-network is a multiscalar assemblage that extends itself to translate and enfold both 
metrically close and distant actors and circulating knowledges from the “local” to the 
“global” scales (see Latour 1996; Law 2009). Thus the empirical study of the knowledge-
policy interface in this thesis is defined as referring to the collaborative associations between 
actors in the urban policy assemblage of the BCAGM. 
 The role of the political economic context, the second element of this framework, is 
built upon the methodological footing provided by the concept of translation. The inclusion 
of this element has been informed by the critical urban literature’s, reviewed earlier, 
emphasis on its centrality in the relations between the state, the city and the environment. 
But it is also here where the limits of the highly abstract and structural approach offered 
critical neo-Marxist approaches is avoided via ANT’s focus on the “heterogeneous 
associations” between actors (Murdoch 1997). The political economic context in the 
practices of knowledge production of the BCAGM will thus be investigated through its 
influence upon the alignment of interests between state and non-state human actors; as well 
as its subsequent impacts upon the knowledge-policy interface. This will be examined 
through the influence of economic priorities in the knowledge-policy interface, as well as 
discourses of energy security highlighted in the literature (Rice 2010), and also the influences 
of other governance imperatives. Unlike the epistemological priority given to capital in UPE 
and the new environmental politics of urban development, the effects of the political 
economic context will be analysed in this thesis in terms of how it connects through specific 
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points of translation to the BCAGM policy assemblage. This process of coordination also 
presents the point of departure from ANT for this conceptual framework.  
 As such, the third element of the framework draws from the theoretical framework 
of the co-production of knowledge. The co-production framework suggests that scientific 
and technological issues are brought into policy-making through their embeddedness in the 
social setting through social practices, discourses and institutions (Jasanoff 2004). I borrow 
from the co-production framework here to provide the conceptual basis for this thesis’s 
analysis of the politics and practices of knowledge building in the knowledge-policy 
interface. Associations between human actors in the knowledge-policy interface will thus be 
investigated as co-productive relationships in this thesis, where scientific and technical 
experts collaborate with urban authorities to derive both “technically legitimate and 
politically accountable decisions” through a process of negotiation and collaborative review 
(Corburn 2009: 413-414). Therefore both political credibility for the urban authorities 
involved in urban environmental policy and technical legitimacy for the scientists and 
researchers involved are gained through the collaborative process of co-production. While 
Corburn (2009) specifically analysed the production of “regulatory science”, that is, the 
process through which scientific/technical knowledges are produced to provide support for 
policy decision making, this thesis considers more broadly the practices and influences that 
shape the production of urban sustainability knowledges at the knowledge-policy interface. 
This framing of the knowledge-policy interface thus provides the conceptual background for 
one of the two main empirical goals of this thesis, specifically, the aim of uncovering the co-
productive practices in the knowledge-policy interface associated with the BCAGM.  
 The institutional context of urban governance will be examined via the regulatory 
context and socio-cultural embeddedness. These are the fourth and fifth elements of this 
conceptual framework. Embeddedness is used here to examine how “spatially variable sets 
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of cultural conventions, norms, values and beliefs” affect the practices and politics of 
producing urban sustainability knowledges (James 2007: 393). As discussed in the previous 
section, the regulative context refers to the indirect effects of urban regulation, in terms of 
how the built environment itself constitutes a context for the adaptation of mobile green 
knowledges; and the direct effects of environmental regulation and the priorities of urban 
environmental authorities on whether mobile green knowledges are rendered legitimate or 
illegitimate (Faulconbridge 2013).  For the purposes of this thesis, I extend the parameters 
of the regulatory context to include the effects of previous urban socio-environment 
governance initiatives in general. 
 This validation or rejection of particular knowledges at the knowledge-policy 
interface thus relates to what Cidell (2009a) calls the “vision of the city” produced by urban 
environmental policy. This is the sixth element of the framework, and refers to firstly how 
urban spatialities and its socio-ecological metabolisms are shaped by the decisions and 
knowledges embedded in the policies of urban environmental governance; and secondly to 
how the standards of the BCAGM itself constructs the built environment. For the purposes 
of this framework, the historical materialist conceptual framing given by UPE through 
Cidell’s work to this process is not incorporated; in particular its emphasis on the almost 
deterministic effects social relations have on socionatural production. Instead, the concept 
of the “vision to the city” is adopted in a more idiomatic sense; to provide a way to interpret 
and account for the complex socio-environmental relations created through associations with 
the BCAGM’s policy assemblage. In practical terms, this means that I intend to deploy here 
both the interpretative reading Cidell used in her study of the LEED certification (2009a), as 
well as investigate the linkages between particular components of the BCAGM certification 
and urban socio-environmental relations. Thus the “vision of the city” guides this thesis’s 
investigation of the spatializing effects of the BCAGM on the city and on the environment. 
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The seventh and final element of this framework relates the production of these urban 
spatialities on the environment by asking how the changes in everyday urban practices 
resulting from the creation of urban spatialities via the BCAGM in turn influences 
biogeochemical processes. The biogeochemical processes and quantities that are the most 
relevant to the topic of this thesis are those that relate directly or indirectly to carbon 
emissions and climate change.3 
  























































 My overarching aim in developing and deploying this conceptual framework has 
been to advance a systematic framework for understanding both the “interior” and “exterior” 
aspects of the politics and production of urban sustainabilities in relation to the globalization 
of urban climate mitigation responses. “Interior” in this instance refers to the practices and 
politics of knowledge co-production within the policy assemblage of the BCAGM, while 
                                                 
3 The actual identification of these processes will be more fully investigated in the first empirical chapter 
below.  
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“exterior” refers to the spatial effects of this policy assemblage. The theoretical contributions 
that I hope to make from this approach are to firstly validate the utility of this framework; 
and secondly to gain a deeper understanding of the practices of situated knowledge 
production at the urban sustainability knowledge-policy interface; and to thirdly 
systematically connect these practices to the spaces and socio-ecological relations of the built 
environment. Figure 2.3 depicts the conceptual framework developed here and how the 
interior and exterior aspects of the BCAGM will be accounted for in the later chapters. The 
next chapter moves on to the subject of methodology, where I describe the methods used in 
the empirical research for this essay. 
  
  60  
 
3.1 Introduction 
 My empirical fieldwork was conducted entirely in Singapore across a three year period 
between 2012 and 2015. In this fieldwork, my affiliation with the Energy Studies Institute was 
crucial in allowing me access to highly knowledgeable and well networked urban authorities 
and technical experts. My position as an employee of a research organization that specialized 
in both technical and policy-related work proved invaluable as it afforded many opportunities 
during the ordinary course of my work to make contact with experts and gatekeepers working 
within the buildings sector. 
 I conducted semi-structured in-depth interviews that lasted between 30 minutes to 1 
hour and 30 minutes, with a variety of respondents from the public, research and private 
sectors. These included high-ranking staff from the public sector and building and construction 
sector. I also conducted interviews with a selection of relevant research specialists and 
consultants.   
 
3.2 Participant recruitment and methodological considerations 
 Interviewee respondents were selected based on their expertise and/or positions relating 
to the governance of the built environment and in fields related to the BCAGM in Singapore. 
Researchers working on topics related to green buildings and cognate disciplines were also 
interviewed. I also interviewed representatives from the private sector working on green 
buildings in Singapore. Respondents were reached initially through the contacts made from my 
work at the Energy Studies Institute. Subsequent participants were reached through 
snowballing. In total I conducted 31 interviews, with a set of 12 repeat interviews to obtain 
further information and insight with 7 of the respondents.  
 One important ethical challenge I was presented with during my research was the 
question of protecting respondent confidentiality. A proportion of my interviewees requested 
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to remain anonymous and unidentifiable. This was particularly common amongst those who 
were employed by, or associated with, the government sector in Singapore. When I enquired 
as to why respondent confidentiality was important to them, the general response I received 
was the fear of career repercussions should their comments prove discordant, or even 
contradictory, with the official stances their superiors or employing organizations might hold. 
I also noticed that those amongst my respondents who were the most insistent or explicit on 
requesting not to be identified also tended to be the most circumspect in providing their own 
insights and perspectives during the interview process. 
 I resolved this issue of confidentiality during data collection by assuring them that all 
identifying characteristics will be changed in order to obtain informed consent (Crow et al. 
2006). To prevent the possible identification of my interviewees from their traits, I also found 
it necessary to maintain internal confidentiality in the writing of my research report (Tolich 
2004). This was particularly necessarily as some of my respondents had positions that were 
singular, or close to it, within their organizations, with the implication that someone in their 
field could potentially identify them on the basis of these unique identifying characteristics. 
Although some of my respondents were permissible with being identified in writing, I decided 
to mitigate any possible harm to their businesses or careers by maintaining the “convention of 
confidentiality” across the board (Baez 2002). Thus, as can be seen in the list of interviewees 
(Appendix A), I have chosen to maintain respondent confidentiality by only referring to my 
respondents by a combination of generic references to their position, their field of work, and 
their domain of expertise4. Additionally, I decided to refer to all my respondents by masculine 
gender-specific language such as “he” or “his” in this thesis regardless of their actual gender, 
                                                 
4 To give a purely hypothetical example, a director in an agency who specializes in regulating the buildings 
sector would be referred to as a “high-level policy specialist in the buildings sector” in this thesis. 
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in consideration of the relative disproportion of males to females in some of my interviewees’ 
fields.  
 
3.3 Research methods and triangulation  
 Semi-structured interviews were the primary intensive research method employed in 
this thesis to elicit nuanced multi-layered insights about the knowledge-policy interface in 
Singapore’s socio-environmental governance of urban sustainabilities (Cloke et al. 2004). My 
position as an energy and environmental policy researcher, combined with my knowledge of 
the technical jargon and related issues related to green buildings, also helped to establish 
rapport with interviewees as it signalled my 'willingness to enter into the world of the 
interviewees' (Rubin & Rubin 1995: 173). Potential difficulties with negotiating my dual 
positions as both researcher and an industry “insider” were consciously negotiated to maintain 
an awareness of the situatedness of the research encounter while building on common frames 
of reference to better understand the issues and connect with my research participants. 
 In addition, I positioned myself as a participant observer in some of the on-going work 
and meetings relating to the buildings sector and the green mark at my research institute. These 
projects were chosen in particular as they required close associations between policy-oriented 
and technically-oriented workers and knowledges.  
Interviews often centred on the expertise or experiences my respondents had on issues 
relating to the BCAGM, ranging from the localization practices of energy efficiency technical 
knowledges to Singapore’s urban context to the role of high-rise greenery in the local built 
environment. These questions were used obtain information regarding the main research 
objectives of this thesis. Appendix B lists the questions that were used in these semi-structured 
interviews. In practice, the questions actually fielded to interview respondents were chosen 
from the list in accordance with each respondent’s area of expertise. The interactive nature of 
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these semi-structured interviews allowed the conversations to flow organically and cover 
relevant and important issues and topics that did not occur to me in the process of drafting the 
interview questions. This interview process was thus instrumental in gaining deeper insights 
into the knowledges, practices and politics of socio-environmental governance and thus to 
construct the empirical foundation to build this thesis's analysis upon (Cloke et al. 2004: 149; 
Dunn 2005). 
In preparation for these interviews, I read extensively about the BCAGM and other 
established green building standards to obtain the starting information on the general directions 
and features of the issues relating to the BCAGM. This was also in anticipation of some issues 
of reliability, particularly by businesses heavily invested in green buildings and officials 
engaged in buildings sector policy who might be inclined to emphasize only the positive 
aspects of the BCAGM. Official publications regarding the BCAGM were also potentially 
sources with partial representations. Therefore, to correct for biases in individual publications 
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4.1 Introduction 
 This chapter firstly provides contextual information regarding the BCAGM standards 
in Section 4.2. In Section 4.3, I examine the BCAGM standards in relation to the vision of 
the city they produce. Finally, I draw attention to issues relating to the energy efficiency 
category within the BCAGM standards in Section 4.4. At this point, I would also like to 
highlight that I have chosen to discuss in aggregate the implications of this thesis’s empirical 
findings in a separate discussion section in Section 5.4. 
 
4.2 The BCAGM as an urban climate change response 
 There are two sets of empirical findings discussed in this section. In the first part, I 
provide the contextual background on the BCAGM in order to relate it to Singapore’s urban 
climate change mitigation efforts. I then proceed to compare the BCAGM to the LEED 
certification standards. I do this for two purposes: to firstly identify the empirical objects of 
analysis for the rest of the empirical discussion, to secondly demonstrate how energy has 
been set up as an organizing discourse in the BCAGM certification criteria. In the second 
portion of this chapter, I interpret the BCAGM in terms of how it relates to the vision of the 
city.  
 Green building assessment systems that provide ratings to buildings based on a set of 
socio-environmental criteria (Kibert 2012). They are created and implemented in order to 
provide a set of common criteria to assess the environmental impacts of buildings and to 
delineate sustainable building design priorities (Retzlaff 2009). The BCAGM is Singapore’s 
locally-developed green building assessment system that awards tier-based green 
certifications to assessed buildings based on how well they scored against the assessment 
criteria. The award tiers are Platinum, GoldPlus, Gold and Certified. It was officially 
launched in January 2005, with the scheme’s stated intention being to “promote 
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sustainability in the built environment and raise environmental awareness among developers, 
designers and builders” (BCA 2015). The benefits offered by the BCAGM include utility 
bills savings, reduced environmental impacts and improved indoor air quality.  
 The BCAGM is a voluntary certification scheme, although all new buildings with 
gross floor area of 2000m2 or more have to comply with the BCAGM’s minimum standards. 
Various monetary incentives and financing schemes have been made available to increase 
the BCAGM’s appeal to building developers. Potentially certified buildings are rated either 
by an official assessment team from the Building and Construction Authority or by external 
assessors. The Building and Construction Authority is a statutory board reporting to the 
Ministry of National Development that is charge of developing and regulating Singapore’s 
building and construction industry. Table 4.1 shows the main institutional actors involved in 
the BCAGM. The process of building assessment involves the review and verification of 
various technical and architectural aspects of the building, and may involve energy 
modelling and heat and airflow simulations for buildings aiming for higher-tier BCAGM 
certificates.    
 
Table 4.1 Main institutional actors in the BCAGM
Name Type Role related to the BCAGM
Ministry of National Development (MND) Ministry
Ministry overseeing national 
development
Urban Redevelopment Authority (URA)
Statutory board 
(MND)
GM Gross Floor Area Incentive Scheme
Building and Construction Authority (BCA)
Statutory board 
(MND)
Main agency for BCA Green Mark, Green 
Building Masterplans
National Parks Board (NParks)
Statutory board 
(MND)
BCA-NParks Green Mark for 
New/Existing Parks




BCA-LTA Green Mark for Rapid 
Transport Systems





Coordinating and facilitating role in 
Singapore's climate change efforts, 
Develops and implements domestic and 
international climate change policies
Singapore Green Building Council (SGBC) NGO
Member of the World Green Building 
Council, Other activities relating to the 
promotion and public education for 
green buildings, SGBP labeling scheme.
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 Since its inception, the BCAGM has gone through several versions and is currently 
at version 4.1 for its standards on Non-Residential New Buildings. The standards are 
benchmarked and updated against other established green building assessment standards 
worldwide, including the United States’ LEED and the United Kingdom’s BREEAM, as part 
of its various updates. The updating process of the BCAGM is one that operated by the BCA 
in collaboration with an expanding policy assemblage. Non-state actors are selectively 
enfolded into the BCAGM policy assemblage based on their expertise or positions. These 
include influential people within the building and construction authority, as a high-level 
executive in the buildings sector informed me in an interview: 
 
I am representing [a large Singaporean builders association] on BCAGM 
Version 5 Product & Material Taskforce…  Other than that, there is no other 
direct collaboration with the BCA [through my other roles in the building 
industry]. 
 
 The BCAGM is an integral part of Singapore’s climate change mitigation strategies. 
This is evidenced through the Building and Construction Authority’s own promotion of the 
scheme to reduce building environmental impacts. The BCAGM has also been recognized 
in official state reports as an important climate change mitigation measure. In Singapore’s 
Third National Communication to the UNFCCC, for instance, the BCAGM is listed as a key 
national mitigation measure which is aimed to reduce up to 1.55 megatons of carbon by 2020 
(NEA 2014). This thus affirms the suitability of the BCAGM for this thesis’s empirical 
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4.3 The BCAGM standards and its vision of the city 
 This section examines the BCAGM standards (version 4.1) and associated official 
information to draw some inferences on how the standards construct the city by imbuing it 
with particular characteristics. I follow Cidell (2009a) in this interpretative approach, 
although as I have argued the necessity for in the literature review chapter, I also use this 
section to identify the empirical objects of study for the other empirical work below. In the 
context of Singapore, Cidell’s approach is useful as a first analytical cut because it firstly 
facilitates making some tentative and preliminary judgments about the BCAGM’s influence 
on the city, and secondly allows my analysis to identify some of the broader regulatory and 
institutional influences on the BCAGM’s vision of the city, while also serving to elucidate 
some pertinent background information. Thus this approach performs similar functions here 
to what a quantitative survey might do for scope-setting and identifying broad trends. 
 
4.3.1 Incrementally territorialized over the built environment 
 The ways in which new versions of the BCAGM and supportive policies have 
been rolled out since the standards’ launch in 2005 indicate that the vision of the city it 
constructs has been incrementally territorialized over the built environment. The first official 
version of the BCAGM was focused on certifying new residential and non-residential 
buildings. This vision was expanded in subsequent versions, with existing new BCAGM 
standards for residential and non-residential buildings, office interiors, restaurants, 
healthcare facilities, landed housing projects, infrastructural projects such as bridges, 
supermarkets, data centres and retail tenants in commercial buildings successively released 
since (BCA 2015). The BCA has also collaborated with the National Parks board to release 
the BCAGM certification scheme for new and existing parks since 2008, thus bringing the 
BCA’s vision of the city over not just buildings but the built environment as a whole.  
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 In addition, financing and incentive schemes such as the Building Retrofit Energy 
Efficiency Financing scheme have been released in order to encourage developers to strive 
for higher-tiered certification ratings.  Thus, we can conclude that the vision of the city 
enacted through the BCAGM standards is one that is designed to encompass a greater variety 
and number of urban spaces over time. This is also evidenced by the rapid growth in the 
number of BCAGM projects in Singapore since its inception: in the 2005 financial year, 
there were 17 certified projects, but the scheme quickly took off and reached a total of 1557 
projects after only seven years in 2012 (NEA 2014).  
 
4.3.2 Buildings as explicitly hybrid socio-environmental objects 
 The categories within the BCAGM standards indicate that it is designed to 
construct the built environment, through the scheme’s certified buildings, as explicitly 
hybrid socio-environmental objects for environmental management and governance. Table 
4.2 shows the main categories of the BCAGM Version 4.1 for New Non-Residential 
Buildings. 
 Cidell (2009a) demonstrated that the LEED green building standards are 
explicitly designed to meet both social and biophysical criteria through the way points have 
been allocated to different types of categories in the certification criteria. As Table 4.2 
shows, this is also demonstrably the case for the BCAGM. The standards contain 
biophysically-oriented criteria such as the “thermal performance of building envelope 
(ETTV),” “water efficiency” and “greenery provision,” and indirectly biophysically-
oriented ones such as “renewable energy.” But it also brings them together with explicitly 
socially-oriented criteria such as “thermal comfort”, “noise level” and “indoor air quality.”  
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Energy related requirements 116 
Thermal Performance Of Building Envelope (ETTV) 12 
Air-Conditioning 30 
Building Envelope - Design/Thermal Parameters 35 
Natural/Mechanical Ventilation 20 
Lighting 18 
Ventilation 9 
Lifts And Escalators 2 
Energy Efficient Practices and Features 12 
Renewable Energy 20 
Other Green Requirements   
Water Efficiency 17 
Environmental Protection 42 
Sustainable Construction 10 
Sustainable Products 8 
Greenery Provision 8 
Environmental Management Practice 7 
Green Transport 4 
Refrigerants 2 
Stormwater Management 3 
Indoor Environmental Quality 8 
Thermal Comfort 1 
Noise Level 1 
Indoor Air Quality 4 
High Frequency Ballasts 2 
Other Green Features 7 
Maximum attainable score: 190 
Table 4.2   Point allocations for BCAGM for New Non-Residential Buildings (Version 
NRB/4.1). 
Source: Simplified from http://www.bca.gov.sg/greenmark/others/gm_nonresi_v4.1_rev.pdf 
 
 We can thus conclude that the BCAGM standards recognizes the built 
environment as a hybrid of social and natural entities and processes; the standards are indeed 
explicitly organized as such through its point allocations to both social and biophysical 
categories. Therefore, instead of demonstrating discursive “purification” (Latour 2004), the 
BCAGM standards suggests that the urban environmental governance of the built 
environment is one that foregrounds its hybrid nature. This accords with Cidell’s (2009a: 
630) argument that the LEED green building standards "take for granted the socio-nature 
that is produced by the built environment" as an explicitly hybridized one that constructs the 
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built environment as inhabiting and producing socio-natural spaces, with flows of energy, 
water, and other resources neither purely biophysical nor purely manmade." 
 However, the way the hybridity of the built environment has been envisioned by 
the BCAGM standards differs markedly from the LEED. Figure 4.1 shows a simplified 
comparison of the weightages of the point allocations across the different criteria between 
the BCAGM standards and the LEED standards. There are two immediately obvious 
differences between the two green building certifications. The first difference is the greater 
weightage accorded to the “environment” category in the LEED versus the BCAGM. The 
second, and larger, difference is the far greater weightage given to the “energy” category in 
the BCAGM as opposed to the LEED standards.  
 
 
Figure 4.1 Comparison of the point allocation weightages across categories between the 
BCAGM and the USGBC LEED (%). 
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  71  
 
 It can thus be seen that the BCAGM is designed primarily to construct the built 
environment as one that is oriented towards reducing energy consumption. Indeed the 
BCAGM standards stipulate that each certified building must obtain a minimum of 30 points 
from energy-related criteria; specifically in terms of air-conditioning, the thermal 
performance of the building, renewable energy and other the use of more energy efficient 
and energy saving measures (BCA 2015). This relates to how Rutland and Aylett (2008) 
have argued that energy efficiency discourses are often deployed to mobilize other local 
development priorities towards the purposes of urban environmental governance. Thus 
unlike the LEED, which allocates points evenly to both the energy and the environment 
categories, the vision of the city constructed by the BCAGM is one that uses energy as the 
central organizing discourse. The reasons for the BCAGM’s high allocation of points to 
energy-related criteria will be explored in the next empirical section. 
 
4.3.3 Shaped by holistic planning and long-range master plans  
 The vision of the city constructed by the BCAGM standards is one that is shaped 
by both holistic planning and aligned to long-range urban planning master plans. Cidell 
(2009a: 627) argued that the technically complex assessments required to accurately score 
buildings using the LEED standards necessitate bringing together expertise in a wide variety 
of subjects. As seen in the previous sub-section, the explicitly hybrid nature of the BCAGM 
translates into the need for building developers to holistically plan the parameters and 
features of their building projects if they aim to obtain a BCAGM certification. Thus, as a 
high-level executive in the buildings sector mentioned to me, there is also an associated need 
for building developers to bring together a variety of technical specialists to collaborate in 
the planning and construction phases of a BCAGM certified project. The BCAGM is also 
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brought out in alignment with Singapore’s urban planning master plans and broader socio-
environmental objectives. As a mid-level policy specialist in the buildings sector put it: 
 
New versions of BCAGM [are released] because of change in focus on 
objectives… The launch of Green Mark version 5 is targeted to be ready at the 
International Building Conference 2015... The focus would be more on low 
energy buildings. We are still working on the details… [they aren’t finalised 
yet] and it would be best for wait for the launch for the final version. 
 
 There have thus far been three Green Building Masterplans released by the 
Building and Construction authority since 2006 (BCA 2015). The latest iteration was 
released in September 2014. Each master plan has served to direct the level of ambition in 
the BCAGM standards and the extent of its territorialisation over urban space. For instance, 
the second Masterplan extended the scope of the BCAGM from new buildings to existing 
buildings and non-buildings. The third Masterplan shifted the overarching environmental 
goals of the BCAGM from encouraging environmental sustainability in general to a more 
explicit orientation towards climate change mitigation and adaptation. Indeed, the third 
Masterplan was the first one in the series that contained climate-related terms. The third 
Masterplan also substantially increased the level of ambition for the spatial coverage of the 
BCAGM in Singapore, with new certification standards planned for building tenants and 
occupants and the introduction of a new “Pearl” award category. One of the main reasons 
why the BCAGM is so closely aligned with policy master plans and building regulations in 
this manner, as another mid-level policy specialist shared with me, is because unlike other 
certification standards such as the LEED, which is managed by a non-profit organization, it 
is championed and directly administered by a statutory board of the Singapore government.  
This points to the importance of differences in regulatory contexts in shaping the outcomes 
of urban environmental governance. 
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4.3.4 The city as competitively green 
 The BCAGM standards construct a vision of the city as one that harnesses 
“greenness” for competiveness. Jamie Peck has argued that the transnational aspects of 
contemporary governance is typified by processes of “fast policy transfer”, where “policy 
problems are effectively redefined through preconstituted strategies” when seemingly 
globally consensual policy “best-practices” are mobilised into different contexts (Peck 2011: 
165). Yet, despite the BCAGM’s family resemblances to the more established LEED, the 
latter of which is currently deployed in over 15,000 projects in over 40 countries, it appears 
that the BCAGM is not an instance of this process of “fast policy transfer.”  
 The substantial differences between the BCAGM standards and other established 
green building standards discussed above, such as the LEED, suggests the importance of the 
regulatory and political economic context in how the BCAGM has been created and used. 
As a mid-level buildings sector policy specialist informed me, the BCAGM was deliberately 
designed as a unique building assessment system because of the need to create a green 
building standard specifically made for the tropical setting. In his words: 
 
Singapore developed BCAGM instead of the others established rating system 
such as the LEED… [because] here our climatic location is different, we 
tropical country unlike US and other parts of the world… The GM scheme 
aimed to be the green rating tool for the tropics, customised to suit the climatic 
condition of this region… The Green Mark scheme is designed to be part of 
the drivers to help Singapore government meet our carbon commitment for 
climate change, therefore, the scheme is heavy weighted in energy efficiency, 
unlike the LEED scheme place more emphasis on other things like materials 
and products.  
  
The influence of contextual political economic priorities can be seen through how the 
BCAGM has become a regulatory export of the “Singapore Model” of governance (Pow 
2014); with the BCAGM already established as the main building rating tool for the 
Southeast Asian region (BCA 2015). This economic function is also ensured through 
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considerable technical work: the Building and Construction Authority continually 
benchmarks the BCAGM against the LEED, and other established green building rating 
tools, in order to maintain the competitiveness of the BCAGM standards itself (BCA 2015). 
 The BCAGM’s capture of the tropical and sub-tropical green building 
certification market mirrors how it has simultaneously been used to enhance Singapore’s 
economic competitiveness. This can be seen in how the Singapore government has legislated 
higher mandatory Green Mark certification standards for new building projects in “strategic” 
parts of the city such as the Marina Bay growth area and the Downtown Core (NEA 2014: 
96). The BCAGM is also part of Singapore’s authorities’ strategy to induce and attract 
investment for “green growth” (Eco-business.com 2014).  
 Indeed, the Third Green Building Masterplan announces Singapore’s vision for 
the BCAGM to serve as the backbone for the city to become “a global leader in green 
buildings with special expertise in the tropics and sub-tropics, enabling sustainable 
development and quality living” (BCA 2015). These efforts have paid off in the form of 
international recognition for Singapore’s green building policies and in Singapore’s 
placement at the top of rankings of sustainable cities.5 These indications of the BCAGM’s 
role in enhancing Singapore’s “green” positioning on a global scale echo Jonas and While’s 
(2007) argument that the processes and policies of urban environmental governance has been 
harnessed by the entrepreneurial city to compete for spatially mobile capital. 
 This section has revealed how the BCAGM standards have constructed the city as 
one that is competitively green, holistically planned, incrementally territorialised and 
managed as a socio-natural hybrid. Through this, I have also demonstrated the importance 
of the regulatory and political economic context in shaping the BCAGM standards. I have 
                                                 
5 For instance, the Regional Leadership Award given to the Building and Construction Authority the World 
Green Building Council for its Green Building Masterplan in December 2011. 
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also highlighted some of the biophysical processes the BCAGM standards have been 
designed to modify; the associated categories in the standards with these processes will thus 
constitute the empirical objects of study in the following empirical analyses. Specifically, I 
will look at the knowledge-policy interfaces within the BCAGM policy assemblage relating 
to energy consumption in terms of building thermal performance and energy efficiency, 
renewable energy (focusing on solar photovoltaic power), and greenery and ecology. The 
next section thus moves on to discuss the empirical findings regarding energy consumption. 
 
4.4 Making energy consumption legible and visible 
 In this section, I examine the issue of energy consumption at the knowledge-policy 
interface within the BCAGM’s policy assemblage. I shall do so by firstly examining how 
energy efficiency enters into the BCAGM in relation to its situatedness in the Singaporean 
context. I secondly investigate more deeply along this line of inquiry by analysing how the 
Energy Thermal Transfer Value (ETTV), which is included in the BCAGM standards as an 
energy-efficiency measure (Table 4.2), was localized into the Singaporean context via a 
process of knowledge co-production between building researchers and the Building and 
Construction Authority. Then, I proceed to demonstrate how energy efficiency has been 
made visible, and thus governable, via the BCAGM’s encouragement of the practice of 
energy monitoring. In other words, the goal here is to reveal how energy efficiency-related 
technical knowledges become “social facts” at the knowledge-policy interface, and how this 
in turn shapes urban space (Hulme 2007: 244). 
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4.4.1 Energy efficiency and electricity consumption 
 According to a high-level policy specialist I interviewed, one of the objectives for the 
introduction of BCAGM was to encourage building developers to adopt energy efficiency 
measures to reduce electricity consumption. As he mentioned: 
 
The studies have shown, and modelling efforts also, that many energy 
efficiency measures are actually net positive cost. This means that it will save 
companies money to invest in them, because they get their money back and 
more from energy savings… So then you might ask if it saves money, why 
don't companies do so? Because of time horizons. So for example, if a 
technology costs five years to pay back its costs, they might think why should 
I do it? My company may not even be around in another five year’s time. So 
companies, energy consumers, investors, and people in general, they are 
typically more receptive to one or two year pay back periods. 
 
Therefore, even though investing in energy efficiency measures might make long-term 
economic sense, the fact that they take years to recover their capital investments makes them 
less appealing. It becomes necessary for the urban authorities to intervene. As the same 
interviewee explained: 
 
But even if they were willing to wait, energy efficiency upgrades may compete 
with other uses of their capital, such as expanding their plant or hiring more 
manpower… So we need to give them regulations and incentives such as the 
BCAGM. 
 
 The management of energy efficiency is important, in terms of its ecological impacts, 
because of its significance for climate change mitigation via its effects on reducing energy 
consumption (Pacala & Socolow 2004).6  Improving the energy efficiency of the buildings 
                                                 
6 Although it should be noted that improving energy efficiency is not linearly related to reducing energy 
consumption, particularly because of such phenomena as the rebound effect on energy consumption (see, for 
example, Greening et al. 2000). 
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sector is a key feature of the BCAGM. As a mid-level technology research specialist 
elaborated on this point in an interview: 
  
In very built up cities like Singapore, the buildings sector contributes a lot of 
carbon. Commercial buildings use a lot of electricity because of their HVAC 
systems, lighting, plug loads… And of course at home you have air-cons, TVs 
and fridges…  If you can reduce how much electricity buildings use, and you 
can still satisfy energy service demand, you will reduce carbon emissions. 
Improving energy efficiency is a way to do this. 
 
 Despite the ecological importance of mitigating climate change through the reduction 
of energy consumption via the BCAGM’s energy efficiency criteria, as discussed in the 
section above, this is a goal only fairly recently articulated by the local urban authorities. 
There are other influences at hand that shape the socio-environmental governance of 
Singapore’s built environment; these issues include a more deeply embedded reason for 
energy efficiency’s prominence within urban socio-environmental governance in Singapore. 
This reason has to do with how Singapore is typically imagined by the state through a 
discourse of vulnerability and scarcity. This language is a staple within official state 
communications, and the BCAGM is not exempt from this, as the following extract from an 
official report about the BCAGM demonstrates (BCA 2010): 
  
As a small island city-state with limited resources and growing needs, we have 
to use our land, water, energy and other resources prudently, pragmatically and 
with an eye on the future. This way, we ensure that Singaporeans can enjoy 
both economic growth and a good living environment for ourselves, and for 
the future generations. 
 
This anxious governmental attitude has been described as exhibiting a “siege mentality,” one 
that is cultivated by the state to create a “continual sense of crisis and urgency among the 
population” by fostering a re-imagination of the general qualities of Singapore, viz. its small 
size and lack of natural resources, into a sense of vulnerability amongst the urban polity 
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(Perry et al. 1997: 6). This siege mentality has pervaded many aspects of state-led 
governance, including urban land-use planning (Neo 2010).  This has now been 
operationalized in the context of the BCAGM as a need for building developers to confront 
the challenges to business generated by sustainable development in resource-scarce 
Singapore. As local property developer CDL’s Deputy Chairman Mr Kwek Leng Joo 
commented in a recent official BCAGM-related press release (CDL 2015):  
 
Sustainable development has increasingly become a national priority as 
Singapore has limited land and lacks natural resources.  With a growing and 
highly urbanised population, businesses face numerous challenges such as the 
need to raise productivity and increased expectations for corporate 
environmental stewardship to mitigate climate change. Greening buildings is 
key to realising our vision of a clean, green, sustainable and smart nation. 
 
This embedded socio-cultural influence has also situated the BCAGM’s vision of the city 
through the indirect influence of the regulatory context on energy efficiency. Amongst the 
reasons for the prominence of energy efficiency include the state’s policy of not subsidizing 
energy and electricity and the desire to save costs through lowered energy consumption. 
Therefore, as a high-level policy specialist remarked in an interview, while the urban climate 
mitigation priorities embedded in the BCAGM had the effect of spurring energy efficiency 
improvement efforts, it is likely Singapore would have continued pursuing energy efficiency 
improvement even without the need to address climate or urban sustainability-related socio-
environmental governance imperatives. This demonstrates how energy efficiency has long 
been a priority on the urban governance agenda even prior to the ascendance of urban 
sustainability and urban climate mitigation within global policy discourses. 
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4.4.2 The localization of energy efficiency: ETTV and the BCAGM 
 This section provides a deeper empirical investigation of the politics and practices 
relating to how energy efficiency has been handled at the BCAGM’s knowledge policy 
interface via an examination of the Envelope Thermal Transfer Value (ETTV). The ETTV 
provides a way to measure and calculate the thermal performance of the building envelope 
(the building envelope essentially consists of the components of its outer shell). This 
provides an indicator that is related to energy consumption in that lowering a building’s 
ETTV has the effect of reducing the heat gained by the building’s interiors from solar 
radiation and the surrounding urban environment, and thus lowers the overall energy 
consumption required to cool the building (Yik et al. 2005).  
 In the rest of this section, I examine how the ETTV has been localized, while also 
demonstrating the importance of the institutional and political economic context in the 
processes of situating technical knowledges within urban socio-environmental governance. 
“Localization” is understood here as the process of knowledge co-production that involves 
the negotiation of “the challenges scientists and urban planners” face when contextualizing 
and situating technical and scientific knowledges (Corburn 2009: 414).  
 In the case of the ETTV, the knowledge-policy interface with local socio-
environmental governance has two temporal instantiations. The first instance occurred when 
the Building and Construction Authority attempted to introduce the OTTV, a well-
established thermal performance indicator, into the buildings sector in the late 1970s and the 
1980s. Although the Building and Construction Authority concluded that the OTTV 
provided a useful building performance index, several technical flaws were identified. The 
Building and Construction Authority sought to rectify these flaws in collaboration with 
buildings researchers. As a mid-level technical research specialist related to me: 
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[The] OTTV had many technical problems. It was felt that a new measure was 
needed that was specific to the tropics. Our climatic conditions are different 
and so the amount of heat gain for our buildings is different… the azimuth of 
the sun is different… the way our buildings are designed is different, there are 
usually water tanks on the rooftops so heat gain from the roof is different 
compared to other cities… 
 
Initially, the main issue to be resolved was the highly technical issue of making the data more 
accurate for local conditions. As a high-level buildings research specialist who was involved 
in this localization project related to me, they did lab tests on a comprehensive set of building 
materials to refine the technical parameters of the index to better suit the local tropical 
environmental conditions. Through this refinement process, a process of adjustment, they 
managed to obtain more accurate values contextualized to Singapore’s context. However, 
the collaborative project was soon to encounter a different, but equally serious issue. As he 
elaborated on this problem: 
 
The problem was that the numbers were accurate… but the building developers 
were not happy… You see, they were complaining that the OTTV legislation 
made them retrofit [some of] their buildings… but at the same time they were 
reluctant to do so because the effect of OTTV on energy consumption was 
unclear. So you could have a higher, or a lower, OTTV and you still wouldn’t 
know what it means for your energy bills. 
 
Getting the technical knowledge right by localizing it was thus only part of the issue with 
gaining political legitimacy for the building performance measure. Property developers in 
Singapore were still dissatisfied despite the improved accuracy because it seemed to them 
that they were funding building improvements without a clear idea of how these capital 
investments would actually benefit them. The Building and Construction Authority’s tension 
with the developers was eventually resolved through collaborating with the buildings 
researchers to develop a new measure, the ETTV. As the buildings research specialist 
explained: 
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We developed a new measure, called the ETTV, to replace the OTTV. What 
the ETTV did was to relate the thermal performance of the building… The 
amount of heat coming in from your walls, your windows… to the amount of 
energy you consume… how much you could save with lower ETTV. 
 
Thus, the success of the localization process of the ETTV was predicated on both the 
contextualization of technical aspects, and on designing the ETTV to make energy 
consumption legible in a way that was politically acceptable for the Building and 
Construction Authority and the local property developers. This process of calibration 
highlights the significance of the political economic context in terms of aligning knowledge-
production practices, via the process of co-production, towards building and maintaining 
good relations within urban growth coalitions. 
 The second instance of the ETTV’s knowledge-policy interface occurred when it 
became part of the BCAGM standards. This technical measure has currently been allocated 
12 points under the “Energy related requirements” in Version 4.1 of the BCAGM standards 
for New Non-Residential Buildings (Table 4.2). This suggests the importance of the indirect 
regulatory context in shaping the form and function of urban socio-environmental 
governance; in that the ETTV was integrated as the chosen measure of building thermal 
performance over other measures because of the historical trajectory of its development and 
implementation in the urban built environment. The process of co-production has thus 
contributed to the raising of the goal of reducing energy consumption as the most prominent 
scoring category within the BCAGM’s assessment standards. 
 This section has discussed the politics and practices of co-production at the 
knowledge-policy interfaces of energy efficiency and the ETTV. It has also discussed how 
the institutional and political economic context has situated technical knowledges to affect 
how energy consumption is valued and made legible within the BCAGM. The next section 
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moves on to examine how the practice of energy monitoring has become part of Singapore’s 
urban spatialities via the BCAGM. 
 
4.4.3 Making energy consumption visible: energy monitoring as spatial practice 
 The spatialities and practices of energy monitoring are part of the ways in which the 
BCAGM has enacted its vision of the city. Energy monitors are infocommunications 
technology (ICT) systems and devices that have environmental monitoring, management and 
reporting functions (Dounis and Caraiscos 2009). Different types of energy monitors can be 
installed in industrial, commercial and residential buildings to track and manage energy 
consumption. Plate 4.1 depicts a typical home energy monitor for illustrative purposes. 
 
 
Plate 4.1. Example of a home energy monitor. 
Source: http://efergy.com/ 
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 Through the territorialisation of the BCAGM standards over the built environment, 
energy monitoring has become part of the city and of everyday urban life. This has occurred 
through at least two methods. In the first method, the various energy-related criteria for 
BCAGM certification are monitored and verified at the building level after the certified 
building is occupied in order to ensure that minimum performance standards are met. 
According to a mid-level buildings policy specialist, the BCAGM mandates energy monitoring 
also due to the Building and Construction Authority’s desire to differentiate the BCAGM from 
other established building rating systems, such as the LEED: 
 
Under the new building scheme, it is part of the requirement for building to be 
verified after occupancy, that is one the tighter regime compared to other green 
rating schemes, take LEEDs for example. 
 
This practice of energy monitoring is to be understood in a more technocratic and bureaucratic 
sense as it involves mainly representatives from the Building and Construction Authority and 
the building owners and developers, and relates only indirectly to the building’s occupants and 
tenants. But there are signs that energy monitoring is becoming more than just an obligatory 
BCAGM certification requirement.  
 The second method through which the practice of energy monitoring is becoming 
territorialized relates to how it has increasingly become integrated into offices and residences 
for their users and occupants.  Energy monitoring has been allocated points on the assessment 
criteria of some versions of the BCAGM standards. As a high-level buildings sector executive 
described the rationale for his company’s installation of energy monitors in their corporate 
headquarters:  
 
[Energy monitors were installed in the lifts, hallways and other common areas] 
to provide permanent measuring instruments for monitoring power and water 
consumption… All the sub power and water meters are linked to the building 
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management system to monitor usage and detect leakage… The building 
management system has alert features that can trigger to detect the possibility 
of water leakage and exceptional high power consumption during operation. If 
an alert is triggered, investigation will be conducted immediately. 
 
This provides an example of how BCAGM has begun to enrol urban inhabitants “as a new type 
of carbon-relevant citizen” (Rice 2010: 929). Energy and water consumption7, which was 
hitherto an invisible and taken-for-granted part of modern urban life, has been made legible 
through practices of knowledge production associated with the BCAGM, and subsequently 
made visible through the spread of energy monitors. Practices relating to energy monitoring 
thus have resonances with what Nigel Thrift and Shaun French (2002) have called the 
“automatic production of space,” where sophisticated infocommunications technologies are 
making successively greater intrusions into urban space and the reproduction of everyday life. 
In this case, the vision of the city enacted by the monitoring of energy efficiency is one where 
mundane urban living is becoming increasingly quantified and auto-regulated to reduce energy 
consumption, and thus carbon emissions. 
 Although workers within offices with such energy monitors installed have implicitly 
become responsible for monitoring their surrounding built environment for signs of breakdown 
or distress, the regular practice of energy modelling has thus far been made relevant only to a 
new variety of sustainability professionals. As the same high-level buildings sector executive 
explained regarding the energy monitors in his company’s headquarters:  
 
There is a building management systems controller or other trained personnel 
to monitor energy usage. If high consumption is found out, further 
investigations of possible leakage will be carried out to prevent energy 
wastage. 
 
                                                 
7 It is worth highlighting that water consumption can often be directly related to energy consumption in 
Singapore’s context due the highly energy intensive processes employed in the treatment, purification and 
distribution of urban water supply. 
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There are, however, clear indications that the spatialization of energy monitoring and the 
associated enrolment of urban inhabitants as energy-responsible citizens is being accelerated 
beyond the confines of professional management. One of these indications relates to how 
the Housing and Development Board, which is Singapore’s main housing provider, has 
announced its intention to make energy monitors more widely available to its new flats, via 
the provision of home energy management systems, as part of its “Smart HDB Town 
Framework” (HDB 2014). Another indication, as shared in an interview by a high-level 
buildings researcher, is suggested by the implicit adoption of the ETTV and other energy-
related standards and practices by other cities and countries when they import the “Singapore 
Model” and implement the BCAGM. But the most explicit indication comes from the Third 
Green Building Masterplan’s intention to “drive conscious energy monitoring and engage 
commercial tenants in best practices to lower energy consumption and carbon footprint” 
(CNA 2014). 
 Yet the spatialization of energy monitoring is not without its contradictions, even as 
it causes energy-responsibility and carbon-relevance to become increasingly etched into the 
background of everyday urban living. One of the unexpected consequences of the increasing 
spread of energy monitors is the production of an almost unmanageable amount of numerical 
data on a nearly constant basis by these ICT systems. To illustrate, when I interviewed a 
high-level buildings executive at his company’s headquarter offices, he mentioned that he 
had a lot of data from the office’s energy monitors left unanalysed and thus could not render 
into useful information. This experience was corroborated when I visited the offices of an 
environmental policy specialist, who related to me his great difficulties in finding someone 
who had the time and expertise to analyse the very large amount of energy monitoring data, 
collected from various buildings in Singapore, which he was put in charge of. 
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 In this chapter, I have traced how technical knowledges have been co-produced at the 
BCAGM’s energy efficiency knowledge-policy interface. I have also demonstrated the role 
of circulating technical knowledges, the regulatory context, the political economic context 
and socio-cultural embeddedness in making these technical knowledges legible in particular 
ways during this process. I also proceeded to trace how urban space and everyday urban life 
is becoming transformed through the spread of energy monitoring to reduce energy 
consumption in buildings. These findings have collectively traced the linkages between the 
politics of the production or urban sustainability knowledges to the production of particular 
urban spatialities in the context of energy efficiency. The next chapter continues in this vein 
of analysis to examine renewable energy.  
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5.1 Introduction 
 This chapter continues the empirical analysis started in the previous chapter. In 
Section 5.2, I examine the productive tensions that underlie the changing place of renewable 
energy in the socio-environmental governance of Singapore’s urban environment. I proceed 
to examine high-rise greenery and its incorporation as a “green requirement” in the BCAGM 
in Section 5.3. Finally, I conclude the chapter with a summary of the findings and 
contributions of the empirical chapters in Section 5.4. 
 
5.2 The productive tensions underlying renewable energy policy 
 This section examines the place of renewable energy, in relation to the practices and 
shifting priorities at its knowledge-power interface, in the socio-environmental governance 
of Singapore’s built environment. Renewable electricity generation sources such as solar 
power is currently awarded points under the “renewable energy” criteria in the BCAGM 
standards (Table 4.2). This means, for instance, that assessed buildings will be given more 
points if they install and use solar photovoltaic panels to satisfy some of the buildings’ 
electricity consumption.  
 This section departs from a direct examination of a discrete category in the BCAGM 
standards itself and instead the place of renewable energy is used as an entry point to analyse 
the relation between the BCAGM and urban environmental governance. I pursue this line of 
inquiry in the rest of this section by arguing that the ways in which renewable energy enters 
into the BCAGM standards emerge through two inter-related but distinct productive tensions 
that are complexly refracted through the knowledge-policy interface of the BCAGM. The 
following sub-sections deal with these productive tensions in two parts: 1) those tensions 
that are produced at the urban scale between globalized policy knowledges regarding the 
mitigation potential of renewable energy and the more local concerns and orientations that 
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characterize Singapore’s urban environmental governance, and, 2) those tensions that result 
between the technical energy-economy modelling work that attempt to reach a scientific 
understanding of the urban environment and the inter-subjective interactions that drive 
towards mutual understanding within the BCAGM policy network.  
 
5.2.1 Urbanizing circulating knowledges 
International thought-leading organizations such as the International Energy Agency 
(IEA) and the IPCC have stridently promoted ambitiously expanding the role of renewable 
energy in national, regional and urban energy systems as a crucial measure to mitigate 
climate change. The aggressive substitution of high-emissions fossil fuel based power 
generation, which are amongst the largest urban carbon emission sources, with renewable 
energy sources, which generally do not produce significant carbon emissions when they 
generate electricity, is an almost universal recommendation held by these agencies in order 
to constrain global warming below the 450ppm threshold8. The IPCC, for instance, has 
argued that renewable energy contributes to climate change mitigation while simultaneously 
providing social and economic development, and even cost savings under favourable 
circumstances, as there are few “fundamental technological limits to integrating a portfolio 
of renewable energy technologies to meet a majority share of total energy demand” (IPCC 
2011:17). As such, they claim that renewable energy could potentially provide up to 80% of 
global energy supply. Similar positions regarding the importance of renewable energy in 
climate change responses have also been consistently argued for and supported by technical 
and policy analysts (see, for example, Turner 1999; Pacala and Socolow 2004; Urban et al. 
2009).  
                                                 
8 The scientific consensus on global warming holds that a concentration of atmospheric carbon above 450 ppm 
will result in catastrophic and irreversible climate change. 
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 Given such a strong endorsement for renewable energy sources, it is natural to expect 
that the BCAGM allocates a high proportion of its scoring system for renewable energy 
provision on certified buildings. Yet, as Table 4.2 indicates, renewable energy accounts for 
only 10 out of the 190 maximum attainable score in the BCAGM standards. This rather 
perplexingly unambitious target can be made more explicable if it is read against the 
background of how “nature” and the environment is constructed by local urban development 
authorities as something that must be pragmatically subjected to the overarching rationalities 
of the Singaporean developmental state (Neo 2007). As Neo (2007) argues, the 
“technocratic/rational” mode of urban environmental governance in Singapore accords 
priorities to environmental concerns only to the extent that the “quantified instrumentality” 
of such concerns weigh favourably against competing economic considerations (p.195).  
 This rational and economic-centric mode of urban environmental governance thus 
resulted in a flexible and strategic mode of engagement with renewable energy deployment 
in Singapore’s urban environment. On the one hand, renewable energy is given a significant, 
yet not too ambitious, target in urban environmental policies. One pragmatic reason for this 
strategic level of ambition is to meet Singapore’s carbon emissions reductions commitments 
to global organizations and treaties such as the UNFCCC. After all, as seen in the previous 
chapter’s discussion, the BCAGM is part of Singapore’s official climate change mitigation 
strategy (NEA 2014).  
Pragmatism, in the context of Singapore’s governance, refers to the hegemonic mode 
of rational and scientific public administration that pervades all aspects of the decision 
making functions of the state (Chua 1997; Tan 2012). The embedded influence of this 
pragmatic ideology within the urban socio-environmental governance of climate response is 
hinted at in this account from an interviewed environmental policy specialist: 
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My personal view is that… Singapore makes reductions in order not to seem 
like it's not doing its part on the international stage… But we are always 
keeping an eye out on our competitors - China, Japan, the region - to make sure 
that we don't do too much such that we will hurt our competitiveness. 
 
How much carbon mitigation, and how oriented local socio-environmental governance is 
towards urban climate response, is thus shaped by the pragmatic concerns of maintaining 
economic competitiveness while fulfilling particular political roles.  
This view was corroborated in the context of the place of solar PV in the buildings 
sector by a mid-level energy-economy modelling technology researcher who also does 
research on building environmental performance. As he explained, while the Singapore 
government has supported solar PV research and development-related investment and 
activities for some time on a more tentative and experimental basis, the deployment of solar 
PV on a larger scale within the city was not seriously considered because of solar PV’s higher 
electricity generation costs compared to the fossil fuel-based electricity price. However, 
when solar PV became more economically competitive relative to the electricity price, an 
increased share of solar PV became a more credible consideration within both planning and 
locally-oriented energy-economy modelling efforts. Therefore, enmeshed between 
globalizing climate mitigation concerns, which tend to urge national and regional planning 
authorities to deploy large amounts of renewable energy, and the institutional context of 
Singapore’s developmental state, the pragmatically strategic ways in which renewable 
energy became part of Singapore’s urban environmental governance can be interpreted as a 
means to negotiate, at the global/local knowledge-policy interface, the sometimes-
contradictory priorities and directions that each scale of environmental policy-making tends 
to produce.  
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5.2.2 The interface between technical and policy networks 
 The rational and forward-looking urban environmental governance of climate change 
in Singapore is facilitated by a comprehensive suite of technical and scientific knowledges, 
practices and expertise. According to a mid-level technical policy specialist, these technical 
knowledges are held by specialised knowledge-workers within networks of scientific-
technical expertise that include both locally-working experts and globally-mobile 
consultants with strong technical credentials. Tapping into this community of expertise gives 
the Singapore urban-environmental planning authorities access to measurements and future 
projections of the urban environment using technically-sophisticated and state-of-the-art 
methods. Energy-economy modelling is one such method that has become central to urban 
climate responses across countries worldwide because of its utility for simulating carbon and 
energy flows and thus provide predictions to support socio-environmental decision-making 
(Pohekar and Ramachandran 2004). This calculative mode of governance resonates with 
Rice’s (2015) observation that energy models are useful for urban governance by making 
energy flows and carbon emissions calculable and thus manageable; but do so by abstracting 
these calculations from the social relations and political processes that influence the city’s 
urban metabolism. 
 One way in which the technical knowledges that result from energy-economy 
modelling tools interact at the “local” level of the BCAGM’s policy assemblage is through 
the calibration of the various energy-economy models employed by the state and non-state 
actors involved in modelling work. These actors range from technical experts working for 
urban planning authorities and to academic researchers and consultants specializing in 
energy-economy modelling. The reason for this collaborative knowledge-aligning practice 
is, according to a mid-level technical policy specialist, to "make sure the results make sense” 
because it would be impracticable for socio-environmental decision making if “every model 
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tells us something dramatically different." Thus the work enacted through this practice 
ensures that each energy-economy model that is associated within the urban socio-
environmental governance assemblage of the BCAGM produces results that remain accurate 
while being cross-comparable. 
 Yet, as Rutland and Aylett (2008) have argued, the ways in which socio-
environmental governance is constructed is contingent and not simply a matter of objectively 
translating scientific and technical knowledges. Thus, while technical modes of action are a 
prerequisite to render the urban environment amenable to effective and rational governance, 
technical knowledges need to be interpreted and modified in order to, in the words of a high-
level policy specialist, “get everyone on the same page”. In this sense, the results from 
energy-economy modelling serves as what Latour calls “immutable mobiles” that circulate 
between actors the technical and policy experts engaged at the urban environmental 
knowledge-policy interface (2005). 
 This inter-agency work functions also to ensure that levels of ambition in mitigating 
urban carbon emissions are kept at appropriately high levels by all involved government 
agencies. As shared by a high-level policy specialist, technical knowledges gained from 
energy-economy modelling is thus by planning-oriented specialists in the government to 
“feedback to sectoral agencies, including the BCA” to “push harder” on carbon emissions 
reductions in their areas of responsibility. This process of feedback thus accords with Rice’s 
(2010) analysis of the carbonization of urban governance, which revealed that urban carbon 
mitigation responses are territorialized through an allocation of responsibility to sector-
specific mitigation measures and municipal authorities. 
 More crucially for the durability and relevance of the policy network, however, and 
its ability to produce coordinated policy for Singapore’s urban environmental governance, 
is the circulation of technical-policy knowledges at the knowledge-policy interface to 
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achieve mutual understanding between different branches of Singapore’s urban planning 
bureaucracy. This circulation of technical knowledge knowledges, and associated policy 
interpretations and recommendations, thus constitutes the requisite work to keep the network 
together while aligning urban environmental policy to various governmental imperatives at 
particular points in time depending on the circumstances of the political economic context. 
As a high-level policy specialist related to me in an interview, the government agencies 
involved in urban environmental governance have different priorities and agendas, and it is 
thus necessary to make sure that urban environmental policies are not too ambitious such 
that buy-in across all relevant agencies can be ensured. 
 For instance, as he elaborated, while an environmentally-oriented agency might want 
to set a high-level of ambition for renewable energy for the BCAGM, and other 
environmental policies, another agency might instead be economically and security-oriented 
and instead want a lower renewable energy goal in order to ensure that Singapore remains 
energy secure. Energy security can be defined simply as a nation-state’s ability to obtain the 
fuels and other energy-related supplies to ensure the continual functioning of its economy 
(Yergin 2006). Ensuring energy security has long been a major consideration for modern 
capitalist states given their economies’ metabolic dependence on fossil fuels to function 
(Chester 2010). Singapore, as a globalized city-state, is no exception to this trend, as this 
quote from Lim Hng Kiang, the Minister for Trade and Industry demonstrates (MTI 2007: 
2): 
 
Without a continued supply of reliable and affordable energy, our economy 
will not be able to function… Our key challenge is ensuring our energy 
security. Having no energy resources of our own, we are dependent on 
imports… and hence, are vulnerable to the risks of supply disruption. [A] key 
strategy is to diversify our energy sources… [To do this, we need] well-
functioning energy markets… [and] supporting the research, development and 
deployment of new energy technologies. 
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This quote also hints at the influence the language of scarcity and vulnerability, consonant 
with the “siege mentality” discussed in the previous chapter (Perry 1997), in the 
government’s prioritisation of energy efficiency for continued economic growth in 
Singapore’s institutional context. As an interviewed policy specialist explained, energy 
security’s prominence on the socio-environmental planning agenda was underscored 
because of the participation of the economic-growth aligned authorities within the policy 
assemblage. The anxieties regarding urban insecurity (cf. Hodson and Marvin 2009) thus 
entered into the knowledge-policy interface as an imperative to keep renewable energy 
sources balanced with more reliable sources of energy and electricity. Therefore, the final 
goal for renewable energy must be negotiated between the high-level of ambition espoused 
by the environmentally-oriented actors within the technical-policy network and those other 
agencies that need more moderate goals to reach their non-environmental targets. 
 To continue with the example of energy security, this tension is also expressed in 
how technical experts engaged with these policy experts reflexively include energy security-
related concerns into knowledge-policy interfaces. As a mid-level technology researcher 
mentioned, energy security is not necessarily “a primary concern” in energy-economy 
modelling but remains “always on the back of their minds.” As he elaborated: 
 
If we want to include more solar PV to have lower carbon emissions, [they] 
might come back and say that we cannot do this, we need to have coal power 
plants for energy security reasons, even though it is so dirty… Then we need 
to put it our modelling considerations… And then [when we analyse the 
modelling results] because of the increased grid emissions factor9, it will have 
effects on other measures. For example, electric vehicles may become even 
less environmentally friendly than normal vehicles. So then we will need to 
change our plans. 
                                                 
9 The grid emissions factor is a measure of how much carbon is emitted per unit of electricity generated by the 
urban electricity generation system. A higher grid emissions factor means that more carbon is released into 
the atmosphere than a lower grid emissions factor. Heavily carbon-emitting electricity generation sources such 
as coal power has a higher contribution to the grid emissions factor than a cleaner generation source, such as 
natural gas. 
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5.2.3 The changing place of renewable energy 
 This section has demonstrated how the place of renewable energy within Singapore’s 
urban environmental policy in general, and the BCAGM in particular, is a result of the 
productive tensions at the urban environmental knowledge-policy interface between firstly 
what can be loosely called the global and the local, and secondly between technical and 
policy networks. In the first subsection, which discussed the former tension, I have shown 
how the specific policies and particular directions taken by Singapore’s urban environmental 
governance emerged via an iterative process of negotiating between the global and local. 
This process suggests that While et al. (2010) have overstated their contention that urban 
carbon control regimes are essentially the result of top-down carbon control strategies 
flowing down from the global scale to the urban locality. 
The second subsection has examined how the BCAGM arises out of the productive 
tensions that result from the negotiations and interactions between those forms of action that 
aim to further technical goals and those that facilitate inter-agent mutual understandings. 
This in turn suggests that Jonas et al.’s (2011) argument that urban carbon mitigation 
responses are substantively delimited by the logic of urbanized capital accumulation, an 
argument that has also been made by several proponents of UPE, is far too unqualified a 
characterization to capture the complex negotiations and embedded institutional influences 
and political considerations within the networks of urban socio-environmental governance.  
That said, it must also be acknowledged that the overarching economic rationality of 
Singapore’s urban environmental governance, as discussed above, means that renewable 
energies are generally not deployed to their fullest possible potential. However, while 
renewable energy was initially set aside due to its relatively high costs, there has since been 
a more ambitious shift in its strategic valuation. This can be seen in official socio-
technological systems planning documents. An example can be found in the national Solar 
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PV Energy Technology Roadmap, developed by Singapore’s Economic Development Board 
and the Energy Market Authority in collaboration with industry stakeholders and technical 
experts, which was released in July 2014 to guide government agencies in their urban climate 
response planning (NCCS and NRF 2014). In the summary of the key findings (NCCS and 
NRF 2014), the solar PV industry and its deployment as a renewable energy source was 
recommended as having “room to grow” as an “advantageous technology” that does not 
produce “carbon emissions” while being “cost-competitive with conventional electricity 
generation”, but was nonetheless delimited in potential in view of Singapore’s “limited land 
for large scale deployment of renewables” and the need to develop solar PV only where a 
“competitive advantage” for Singapore exists. The next, and final, empirical section 
discusses how technical knowledges enter into the BCAGM knowledge-policy interface 
regarding high-rise greenery. 
 
5.3 Tactically greening the high-rise  
 In this section, I discuss how technical knowledges regarding high-rise greenery have 
been selectively incorporated at the knowledge-policy interface within the BCAGM 
standards; and in turn how this relates to the changes in the vision of the city that high-rise 
greenery constructs. I have chosen to devote this thesis’s last empirical section to the topic 
of greenery firstly to provide balance to the more explicitly energy-related topics covered 
above and secondly because of urban greenery’s significance to Singapore as a “garden city,” 
as will be elaborated upon below. 
 The BCAGM scores high-rise greenery under its “Greenery Provision” criteria as an 
“Other Green Requirement” (Table 4.2).  Although the specific assessment criteria for 
greenery differs depending on the type of building to be certified, more points are generally 
allocated the greater the proportion of the assessed development area is covered by plants. 
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The BCAGM standards awards points for any greenery within the developments including 
high-rise greenery such as roof top greenery, vertical greenery systems, sky gardens and 
green roofs. Plate 5.1 depicts some examples of high-rise greenery for illustrative purposes. 
 
Plate 5.1. Example of roof top greenery (left) and a vertical greenery installation (right). 
Source: https://mygreenspace.nparks.gov.sg/keeping-cool-staying-green-indoors/ 
 
 The BCAGM standards justifies its inclusion of greenery scoring criteria more 
explicitly in terms of quantifiable benefits, viz. to reduce the heat island effect and to reduce 
heat gain, and thus indirectly improve energy efficiency, to the building. As expressed by an 
interviewed high-level executive in a buildings construction firm: 
 
Greenery provision has definitely become more important for new buildings… 
Higher greenery provision and restoration of existing trees can reduce the heat 
island effect especially in a country like Singapore.  
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The importance of high-rise greenery in the built environment was also affirmed by a mid-level 
policy specialist in an interview as a source of building insulation and building occupant well-
being: 
 
Roof top greenery or vertical greenery provides thermal insulation, reduces the 
amount of heat gained to the building and reduces cooling load required, and 
this translates to lower energy consumption… Greenery contribute the overall 
wellbeing of the occupants. 
 
 The ecological and urban environmental benefits of high-rise greenery provision are thus 
amongst the main reasons for their inclusion in the BCAGM. However, the influence of the 
political economic and regulatory context is also revealed by how high-rise greenery is 
promoted in tandem with Singapore’s place marketing strategies. It was suggested by an 
interviewed mid-level buildings policy specialist that the reasons for encouraging high-rise 
greenery provision in the BCAGM are also partly for aesthetic consumption, as part of 
“landscaping”. The promotion of high-rise greenery for these non-environmental purposes 
is more explicitly mentioned in the Building and Construction Authority’s Green Building 
Design Guide (BCA n.d.) to “enhance Singapore’s image as a garden city”.  
 The promotion of rooftop greenery is also supported by other policies and legislation, 
such as the Urban Redevelopment Authority’s (URA) Landscaping for Urban Spaces and 
High-Rises (LUSH) programme. The coordination of the BCAGM and these other policies 
for high-rise greenery is enacted in urban planning master plans such as the URA’s New 
Concept Plan 2001’s call for the continued greening of the built environment in Singapore. 
In tandem with contributing to building occupant well-being and urban liveability, the 
spatialization of high-rise greenery is also tied to the official goal of contributing to “the 
vision of Singapore as a City in a Garden” and reinforcing “Singapore's image as a tropical 
‘Garden City', an image which distinguishes us from many other cities” (NParks 2009).  
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 This imagining of Singapore drew its impetus in Singapore’s first Prime Minister Lee 
Kuan Yew’s vision of the city-state as a “Garden City” soon after the nation-state’s 
Independence, and this vision has been translated into the city’s environs ever since (Yuen 
1996). Urban high-rise greening, as the physical transformation of the built envisioned by 
the BCAGM and its associated policies, is thus tied to pursuing the intertwined governance 
goals of improving the urban quality of life and creating a verdant “oasis of respite” to better 
attract globally-mobile foreign investment and expatriates (Chua 2011). This highlights the 
importance of the regulatory context in urban socio-economic governance; in that the long-
standing regulatory vision of Singapore’s built environment as an economically vibrant 
amalgamation of trees and concrete indirectly influences the way these policies have been 
constructed. 
 The situatedness of urban greenery in the Singaporean “Garden City” context also 
influences how important high-rise greenery is within architectural designs enacted locally. 
As a mid-level buildings design specialist related to me in an interview, high-rise greenery 
sends “the right message” and has “the right look” particularly for “premium developments” 
here. This view was echoed by a buildings researcher, who mentioned that local studies have 
demonstrated that local property investors and buyers are “more willing to pay for green 
buildings” compared to normal buildings. This has indirectly contributed to green buildings 
becoming an architectural trend. Indeed, the BCAGM, and its associated policies, contribute 
to a growing practical need to build in visible connotations of urban sustainability by 
building designers and developers, as the following extract from a green building planning 
guide published by the Building and Construction Authority suggests (BCA 2010): 
 
In response to broad concerns regarding the environment and climate change, 
Green Buildings are becoming much more common and are increasingly in 
demand by building owners and occupiers. As a result, they are featuring more 
prominently in the portfolios of most building developers, architects and 
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engineering consultants. The current green trends are quickly becoming the 
new standard. Current developments that do not follow these trends will ﬁnd 
themselves becoming obsolete and will need upgrading or replacing, or risk 
losing value. Green Building Design can future-proof a development. 
 
But how the spatialization of this vision of urban greenness actually translates to ecological 
impacts is less certain. Singapore’s “garden city” policies have previously been critiqued as 
only constructing a built environment that is “green” in form but lacking in ecological 
benefits, such as increasing biodiversity within the urban environment (Savage 1997). This 
uncertainty is especially acute where it relates to high-rise greenery’s role as an urban carbon 
mitigation measure. As an environmental research specialist commented: 
 
There are many benefits [of high-rise greenery] but I'm not sure if carbon fixing 
is one of them… Because if you have to plant the greenery, you also need to 
transport it, maintain it, use fertilisers, all these add up over the life cycle… 
And you also need to build in the infrastructure for the greenery. All these 
things have emissions. So I'm not sure how it balances out… I've read studies 
on the carbon benefits of skyrise greenery, the results were favourable in 
temperate countries... But I'm not aware if any local studies have been 
published. 
 
To be sure, there have actually been technical studies published studying the impacts of high-
rise greenery (for example Wong et al. 2003; Yuen and Wong 2005; Tan et al. 2014). Wong 
et al. (2003), for instance, performed a life cycle cost analysis of roof top gardens in 
Singapore and concluded that roof top gardens out-performed conventional roof surfaces in 
terms of their comparative costs over their expected life cycles.  
 Nevertheless, as I was answered when I enquired on the topic with a mid-level 
technology research specialist, the link from life cycle cost savings to carbon savings is not 
straightforward. This is particularly because of the need to account for the “embodied 
carbon” in the materials used, and the life cycle energy emissions, when evaluating the 
carbon footprint of high-rise greenery (Whittinghill et al. 2014). Indeed, as a high-level 
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buildings sector specialist speculated, the effort required for proper maintenance suggests 
that high-rise greenery might possibly cause more carbon emissions than has been 
considered: 
 
So first there’s the erosion. Singapore is a tropical country. It rains often and 
heavily. And in between, the heat… It's not good for the soil… gravity makes 
the nutrients leak down from green walls… just go anywhere in Singapore and 
notice the older green walls, those that have been there for a while… If not 
maintained well they die, or grasses and weeds have overtaken. It's unsightly, 
and you can see that the soil at the top part of the wall has eroded. 
 
Therefore, despite the green building socio-environmental governance agenda’s turn towards 
urban carbon mitigation, it appears that the points allocated to greenery provision as a “green 
requirement” have been selectively constrained only to environmental and ecological 
processes to which they have proven positive effects. There is thus a process of selection and 
a simultaneous bundling, through which high-rise greenery is thus officially named as a 
“green” feature within the built environment on the grounds of its localized benefits in 
reducing the urban heat island effect and the heat gained by buildings. However, whether 
urban greenery represents a net benefit to urban carbon emissions, and to globalizing efforts 
to mitigate climate change, is conspicuously absent within the BCAGM, and its associated 
urban greenery policies. 
 In their study of how urban climate policy was constructed in Portland, Rutland and 
Aylett (2008) argued that the policy development process simultaneously constitutes the 
object of socio-environmental governance. In their paper, they demonstrated how “targets 
and tactics” were applied to selectively incorporate those aspects of energy consumption that 
could be meaningfully influenced by the urban government into energy efficiency policy 
(pp. 636). Their findings bear resonance to this section’s examination of how high-rise 
greenery has been constructed as ecologically green through the selective inclusion of 
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proven-beneficial technical measures and the exclusion of other technical knowledges 
pertaining to carbon emissions that could prove high-rise greenery to have neutral, or 
possibly even negative, net ecological effects.  
Given the strong non-environmental economic and regulatory reasons to deploy high-
rise greenery that are independent from its ecological effects, it can therefore be concluded 
that high-rise greenery constructs a vision of the city that is physically green, appealing to 
globally-mobile capital, that has localized environmental effects, and has an uncertain 
relationship to urban climate mitigation. The next section moves on to provide a short 
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5.4 Discussion of findings and contributions 
 In this section, I firstly summarize this thesis’s empirical findings as applications of the 
conceptual framework developed in the literature review section. The three empirical issues 
examined in the sections above will be summarized in terms of their linkages between the 
various human and non-human elements, and the contextual issues that have influenced them. 
The goal of this exercise is to demonstrate the utility of the framework for investigating the 
production of urban sustainabilities from the perspective of the politics and practices of 
knowledge co-production. I then secondly abstract from the empirical findings to extract some 
of the practices that have been influential at the knowledge-policy interface, and the practices 
that enact the vision of the city in the case of the BCAGM. This is done as an attempt to make 
a theoretical contribution to the study of the politics at the knowledge-policy interface and the 
practices of carbon territorialisation. 
 
5.4.1 Summary of empirical findings 
 In the case of energy efficiency, it can be seen that there were two temporal occurrences 
of the knowledge-policy interface. The first one was situated at the point of conversion between 
the circulating technical knowledges of the OTTV into the localized ETTV. The main state 
actors were from the Building and Construction Authority, and the non-state actors were the 
buildings researchers who were engaged in this project, and the building industry stakeholders 
that were affected by the new policy. The main influences at this stage was the desire to get the 
technical parameters for calculating building thermal performance right and, concurrently, the 
need to obtain the political buy-in from the industry stakeholders by operationalizing the ETTV 
as a measure of energy consumption. The result of this first stage was the codification of the 
ETTV as the primary measure of building thermal performance in the socio-environmental 
governance of energy efficiency in Singapore.  
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 The second instance of the knowledge-policy interface was situated at the translation 
of the existing construction of energy efficiency into the BCAGM. The main influences this 
time were the intertwined effects of the embedded socio-cultural influence of the “siege 
mentality” of governance and the indirect regulatory effects of how energy efficiency has been 
made legible locally. Consequently, the vision of the city that resulted was one where energy 
monitoring became an emerging spatial practice in everyday urban life. This affected 
Singapore’s urban metabolism in that electricity consumption was made visible on an everyday 
basis to building owners and occupants, and could potentially result in reduced electricity 
consumption, and thus indirectly mitigate urban carbon emissions. 
 Moving on to this thesis’s examination of renewable energy technologies, I have shown 
how the BCAGM results from the productive tensions between the global and the local, at the 
one hand, and between networks of technical experts and policy experts. Energy-economy 
modelling was also examined as a part of the knowledge-policy interface between the technical 
knowledges of renewable energies and the policymaking valuation of renewable energy 
sources in Singapore’s built environment. The main influences at this interface came from state 
actors who prioritised ensuring energy security in the urban energy socio-technological system, 
as well as the pragmatic attitude of socio-environmental governance in Singapore.  
 These influences were characterized as part of the flexible planning for renewable 
energies in Singapore; with the consequence that the urban deployment of renewable energy 
was initially enacted more as a political and economic way to signal Singapore’s commitment 
to the development of the renewable energy industry. Subsequently, the renewal of urban socio-
environmental policy objectives towards climate change, and the favourable economic 
evaluation of solar PV deployment in Singapore, led to the governance of solar PV as an urban 
sustainability measure that could potentially lead to reduced urban carbon emissions by 
substituting for electricity generated by fossil fuel generation. 
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 The knowledge-policy interface between urban high-rise greenery and the BCAGM, 
and closely related policies for promoting urban greenery, was shown to have been influenced 
by the Singaporean interpretation of the “Garden City” ideal and also the architectural trend 
towards building green buildings. The ecological benefits of high-rise greenery were 
constrained to the technical knowledges regarding urban heat islands and building thermal 
performance. Energy consumption reduction was also included as one of high-rise greenery’s 
benefits. These benefits were named to brand high-rise greenery as a “green” measure. The 
carbon-related environmental impacts of high-rise greenery in itself, however, were not 
included as part of the technical appraisals of high-rise greenery’s contribution to urban 
sustainability. 
  
5.4.2 Theoretical contributions 
 A number of distinct practices relating to the co-production of knowledge at the 
knowledge-policy interface can be abstracted from the empirical case studies above. There are 
also a few separate practices can be identified that produce the vision of the sustainable city. 
Table 5.1 summarizes these practices below. 
 
 
Table 5.1  Summary of practices and influences
Co-production Vision of the city
Energy consumption Localization of ETTV Adjustment Monitoring
Siege mentality in governance Calibration
Indirect regulatory context
Renewable energy Energy security Adjustment Bundling
Pragmatic governance Calibration Experimenting
Indirect regulatory context
High-rise greenery "Garden City" planning Selection Bundling
Architectural trends
Practices relating toEmpirical matters Influences on the 
knowledge-policy interface
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 Three practices relating to co-production abstracted from the case studies are 
adjustment, calibration and selection. Adjustment refers to the practice of situating circulating 
technical knowledges to adapt it to the local context. The “local context” refers to both the 
physical context and the “local” socio-environmental policy assemblage. In the energy 
consumption case study, adjustment was performed to produce the technical knowledges of the 
ETTV by making heat gain technical parameters more accurate for the tropical context. In the 
renewable energy example, adjustment was performed to ensure that the energy-economy 
models enrolled in the “local” socio-environmental policy assemblage had comparable 
technical parameters.  
 Calibration refers to the alignment of technical knowledges to fit broader policy and 
governance objectives. Calibration is thus the primary practice that enrols political, economic 
and socio-cultural influences into the knowledge-policy interface. In the case of energy 
consumption, calibration occurred when the ETTV was operationalized as a measure of energy 
efficiency to gain support from building owners and occupants.  
 Lastly, selection refers to the tactical incorporation of particular sets of technical 
knowledges into socio-environmental policy as a simultaneous act of constituting the objects 
of urban socio-environmental governance. In the case of high-rise greenery, selection occurred 
when thermal gain and urban heat island reductions were chosen to name high-rise greenery as 
a “green requirement” in the BCAGM; to the exclusion of direct and indirect measures of high-
rise greenery’s carbon-related ecological impacts. Selection in this instance thus echoes 
Rutland and Aylett’s (2008) observation that Portland’s municipal authorities strategically 
incorporated into urban energy efficiency policy only those spatialities and aspects of urban 
energy consumption that they could actually reduce successfully.   
 Three practices relating to the production of urban sustainabilities via the “vision of the 
city” were found. Monitoring refers to the enrolment of urban inhabitants as energy-conscious 
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citizens (cf. Rice 2010) and the production of urban spaces where energy consumption becomes 
a visible and managed part of everyday urban living. This practice was seen in the energy 
consumption empirical case, where actual energy monitors are becoming increasingly 
deployed through the promotion of energy efficiency by the BCAGM standards. 
 Experimenting is analogous to what Broto and Bulkeley (2013: 1934) describe as 
“interventions that seek to reconfigure urban sociotechnical systems to achieve low-carbon and 
resilient cities.” These experiments serve to testbed technological interventions in 
infrastructural elements that tend to be purposively deployed without fully planning for their 
unintended consequences, in order to build urban social capacities and technical expertise to 
respond to climate change (Bulkeley and Broto 2013). Thus, the use of the BCAGM as a policy 
space for developing and deploying sociotechnical experiments provides an example of the 
creative agency and dynamism of the sustainable city.     
 Relatedly, bundling refers to the deployment of particular socio-technological 
interventions that are not aimed at urban climate response within a set of other socio-
environmental measures.  Solar PV was initially bundled together with the other criteria in the 
BCAGM, but was subsequently deployed as an experiment when technological and economic 
assessments found it advantageous for Singapore’s climate response strategies. High-rise 
greenery, on the other hand, was bundled in the BCAGM even though its carbon profile 
remains uncertain; although other ecological benefits such as urban heat island reductions have 
already been quantified and documented.  
 Thus bundling refers specifically to the grouping of a particular urban intervention that 
does not definitely contribute to a particular socio-environmental governance objective with 
others that do. This does not necessarily imply an inherent ambiguity within any particular 
urban environmental intervention, but rather points to the complexities of reconciling more 
policy-centred understandings with technical-environmental appraisals at the heart of urban 
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environmental policy. Urban carbon response was chosen in this thesis because of the 
BCAGM’s increasing re-orientation towards that objective; although it should also be 
recognized that the BCAGM is designed to simultaneously achieve other policy objectives. 
Nevertheless, akin to the practice of experimentation, bundling thus stands as a practice that 
reflects the contingent “ways in which power relations choreograph specific socio-technical 
practices” in relation to the specificities and dominant interests of the urban context (Bulkeley 
et al. 2014: 175). Having summarized my empirical findings, the next section concludes this 
thesis. 
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6.1  Conclusion     
 In this thesis, I have strived to analyse and explain the production and politics of 
urban sustainabilities in urban climate responses through the politics of the knowledge-
policy interface and its associations with urban space. In doing so, I have made two main 
interventions. 
 My first intervention takes a geographical approach that accounts for the interface 
between circulating technical knowledges and the specificities of the urban context while 
systematically connecting this knowledge-policy interface to the production of the spaces of 
urban sustainabilities. Previous geographical studies on urban climate responses have noted 
the diversity of actors and the associations between state and non-state actors that traverses 
multiple sites and scales (Bulkeley 2005; Bulkeley and Betsill 2013; Faulconbridge 2013). 
They have also demonstrated how socio-environmental governance is constituted through 
complex negotiations between the state, capital, the urban polity and non-human actants, 
even as the objects of socio-environmental governance and the vision of the city is 
constructed through this process (Rutland and Aylett 2008; Cidell 2009a; Rice 2010; While 
et al. 2010).  
 Building upon these insights through my study of the BCAGM, I have shown that by 
connecting the networks of socio-environmental governance to actual urban sustainability 
policies, we can begin to trace how the politics of circulating knowledges matter in how the 
spaces and everyday lives within the city are produced through urban climate responses. In 
doing so, I have also identified a number of practices relating to the climate-responsive 
sustainable city: adjustment, calibration, selection, monitoring, experimenting, and 
bundling. Relatedly, throughout this investigation, I have avoided following approaches that 
have named a priori the technical knowledges that are central to the governance of urban 
climate responses as discourses (Keil 2005). Instead, I have demonstrated the contingent 
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influence of the urban context and its underpinning power relations by tracing how these 
technical knowledges become social facts through the co-production of socio-environmental 
policy.  
 My second intervention was to take seriously the reality of anthropogenic climate 
change as an urban environmental problem. While portions of the previous work on the urban 
environment have problematically tended to treat urban climate responses primarily as 
expressions of the inequitable socio-environmental relations of neoliberal urbanism (Jonas 
et al. 2011; Rice 2014), I have instead sought to examine how socio-environmental 
governance, through my study of the BCAGM, has implications for the ecological relations 
of the city. Thus I subsequently identified and discussed the practices through which the 
“strategic selectivity of the state” influenced how various aspects of the non-human 
environment become registered as objects of socio-environmental governance in the case of 
the BCAGM (Jessop 2002: 31; Rutland and Aylett 2008; While et al. 2010).  
 By connecting this strategic moment in urban climate response to the actual spaces 
and spatial practices and the knowledge-policy interface, I have also shown how the 
emerging urban geographies of urban climate responses are the result of multiple intersecting 
historical specificities and differing interests. My intention in doing this was to point towards 
the utility of a more nuanced and involved approach into the collaborative networks of urban 
sustainabilities, the workings of socio-environmental governance and the heterogeneous 
impacts upon human and non-human actors. This contrasts with the sweeping gestures made 
by some of the previous literatures towards the determining influence of urbanized capital, 
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6.2 Green building standards, urban infrastructures, and urban climate responses 
 Throughout both empirical chapters, I have shown how the socio-environmental 
governance of the city is refracted through the collaborative associations between various 
actors and the specificities of the urban context. Through my study of the BCAGM, I have 
demonstrated how green building assessment standards are a fecund site to unpack the 
complex and hybridized socio-environmental relations of the emerging urban sustainabilities 
of climate response. Moreover, by focusing on the Singaporean case of the BCAGM, I have 
also contributed in a broader sense to Robinson’s (2011) call for the decentring of urban 
knowledge and theories from the geographical North. In the analysis above, I have also 
identified further avenues for productive work in non-Northern contexts. In my examination 
of energy-economy modelling in the renewable energy section, I have also provided support 
to Jennifer Rice’s (2014: 381) call for geographers to pay more attention to the ways in which 
carbon is modelled in cities as “ecological, technical and political” projects.  
During the course of my empirical work, momentary glimpses of routes leading 
towards closely-related lines of enquiry were revealed but left unexplored as they strayed out 
of the analytical confines of this thesis. For instance, the suggestion given by a respondent 
in Chapter 5’s study of energy efficiency of how Singapore’s particular crystallization of 
“energy efficiency”, as an object of governance, has been embedded within the BCAGM and 
thereby exported into other tropical and sub-tropical cities that have adopted the BCAGM 
standards could be examined in future work as an instance of “fast policy transfer” amidst 
globalizing green building policy networks (Peck 2010). In another example, the growing 
everyday presence of energy monitoring discussed in Chapter 4 has potentially interesting 
entanglements with, and implications for, the processes of reflexive modernization that 
characterize everyday urban life within “risk societies” (Beck 2006).   
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 Nevertheless, as efforts to mitigate climate change evolve, and perhaps intensify, in 
response to international climate change negotiations, future work should move beyond this 
thesis’s more focused case study approach to studying the BCAGM. While I deemed the 
choice of energy efficiency, renewable energy and high-rise greenery as sufficiently 
representative for the research objectives of this thesis, there remains a substantial portion of 
the BCAGM criteria that I did not examine due to the constraints of this work. These relate 
to a range of socio-ecological and socio-technical entities and processes; including flows of 
water, material flows and the means and modes of urban transport mobilities (Table 4.2). 
Rather than focus on them as categories within the BCAGM, I propose that further work on 
urban sustainabilities and climate responses expand the frame of analysis and view them, 
along with BCAGM certified buildings, as interconnected systems of urban infrastructures 
(Monstadt 2009; Broto and Bulkeley 2013b; Bulkeley et al. 2014). Doing so would throw 
these interventions into sharper relief as the regulatory and infrastructural constituents of 
evolving urban sustainability regimes and, facilitate a more comprehensive and systematic 
understanding of the emerging geography of urban climate responses. 
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No. Position Field Domain Interviews
1 High-Level Policy Technical 2
2 High-Level Buildings Executive 2
3 Mid-Level Policy Technical 2
4 Default Policy Environment 1
5 Mid-Level Technology Research 3
6 Mid-Level Technology Research 1
7 Default Environment Research 1
8 Default Technology Consulting 1
9 Default Technology Research 1
10 Default Technology Consulting 1
11 High-Level Buildings Research 1
12 High-Level Buildings Research 1
13 Mid-Level Buildings Research 1
14 Mid-Level Buildings Research 1
15 Mid-Level Buildings Research 1
16 Mid-Level Buildings Research 1
17 Mid-Level Buildings Research 1
18 Mid-Level Buildings Design 1
19 High-Level Buildings Executive 2
20 Mid-Level Policy Buildings 2
21 Default Buildings Research 1
22 Default Environment Research 1
23 High-Level Policy Buildings 1
24 Default Policy Environment 1
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Appendix B: Semi-structured Interview Questions 
 
 
Comparison of the BCA GM with the LEED 
  
• Why is the BCA regularly releasing new versions of the BCA GM? Are there differences 
in objectives or regulatory focuses in newer versions? Do the new revisions adjust by 
taking into account the actual performance of the building sector in Singapore? 
• Why did Singapore choose to develop the BCA GM instead of adopting or adapting an 
established rating system such as the LEED?  
• How important is the BCA GM an important climate change mitigation measure for 
Singapore’s climate change mitigation strategy? 
• Why does the BCA GM devote most of its weightage to energy based criteria, compared 
to the comparatively smaller amount allocated to energy by the LEED? 
• How does the BCA ensure that all buildings are scored equitably on the BCA GM 
criteria? Are the BCA criteria scored based on actual performance? Does the BCA GM 
use requisite criteria such as minimum energy performance and building level energy 
metering like the LEED does? 
• How does the BCA GM monitor building performance after certification? Are there plans 
to improve the monitoring aspects of the BCA GM? 
• What does the category “Energy Efficient Practices” mean and how is it scored? How are 
practices to optimise energy performance such as the use of advanced energy metering 
and monitoring techniques? 
• How did long did Singapore take to develop the BCA GM (2005 version)? Besides the 
BCA, which other experts or consultants were involved in creating it?  
• How important are costs savings to building owners and occupants to the development of 




• Does the BCA collaborate with other institutes such as the EMA or SERIS in developing 
the “renewable energy” component of the BCA GM scoring system? 
• In practice, what technologies can earn credits for “renewable energy” besides solar PV?  
• Why is renewable energy allocated 20 credits in the BCA GM?  
• What is the objective of the “renewable energy” category in terms of the energy 
performance of the building? Is it meant to offset the energy use of the building or is it 
more meant to contribute to the national grid? 
• Are there parallel incentives or policies for building owners to use renewable energy 
besides through the credits awarded by the BCA GM? 
• Are the life cycle emissions of building renewable energy provision part of the scoring for 
the “renewable energy” category? 
• Will “renewable energy” change in credit allocation depending on the importance of 
renewable energy in Singapore’s climate mitigation strategy in the future? 
• How does energy and economy modelling fit into the overall planning of renewable 
energy for buildings in Singapore? How has the importance of energy and economy 
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modelling for green buildings and sustainable development infrastructures and policies in 
Singapore changed over time? Why has this happened? 
• Why are there different modelling tools used by different agencies and consultants? How 
are the results from the different tools brought together into green building policy? Are 
differences in results and methodologies reconciled, and if they are, how are they 




• How much input does other agencies such as the LTA have on the “Green Transport” 
category in the BCA GM?  
• What does the category “green transport” mean?  
• Does the BCA GM account for the traveling behaviour of building occupants in terms of 
using public transport or private transport to travel to the building? If not, is it feasible to 
do this in the future? 
• Are there credits awarded for Electric Vehicle charging facilities in the BCA GM? 
 
Environment and ecology and greenery provision  
 
• Does the BCA collaborate with researchers, NParks, and other experts on the 
performance benefits of building greenery provision? 
• Does the BCA work with other agencies such as the URA, MND and MEWR on the 
scoring system for the environment and ecology category? 
• Does the “sustainable construction” criteria account for similar criteria on the LEED such 
as building lifecycle impact reduction, heat island reduction, construction and demolition 
waste and surrounding density and diverse areas? 
• Does the BCA collaborate with researchers and other experts on the performance and 
carbon fixing benefits of building greenery provision? 
• Why is “Greenery Provision” scored as a BCA GM criteria? What are the expected 
benefits of greenery provision? 
• Has “Greenery Provision” been on the agenda for green buildings in the BCA GM from 
the start of the policy planning process? Why or why not? How does the BCA GM 
compare to other green building certification standards in scoring and prioritizing 
building greenery? 
• Are the life cycle costs and emissions associated with providing greenery part of the BCA 
GM scoring criteria? 
• How is the performance of greenery provision monitored? 
• If a building developer receives incentives through the URA’s LUSH programme to 
provide green spaces on buildings, do they also receive points for “Greenery Provision” 
on the BCA GM? 
 
Building heating and cooling 
 
• Is the “air-conditioning system” category scored based on the actual performance of 
building HVAC systems? Does the BCA GM give more credits for reducing usage of air-
conditioning systems or only for using more energy efficient systems than baseline? 
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• Can district cooling be accounted for in the “air-conditioning system” category? 
• Why is air-conditioning allocated a large percent (almost 20%) of the energy category in 
the BCA GM? 
• Does the BCA work with other researchers and institutions in developing the “passive 
design” scoring category and its scoring criteria? 
• Why is Passive Design given discrete credits in the BCA GM energy based section when 
the LEED does not do this?  
• How is “passive design” measured? What is the benchmark used to determine the scoring 
credits? 
• What is the meaning of the category being “pro-rated” in the scoring system? 
 
